AO-A073  017  AIR  FORCE  INST  OF  TECH  WRI6HT-PATTERS0N  AFB  OH  SCHOOL—ETC  F/6  13/2 

PRODUCTIVITY  MEASUREMENT  IN  A BASE  LEVEL'  USAF  CIVIL  ENGINEER IN6~ETC (U) 
JUN  79  6 P BAUM6ARTEL*  T D JOHNSON 

UNCLASSIFIED  AFIT-LSSR-17-79A  NL 


1 of2  1 

AO  * 

O' 

a 

. . 

i 

ki 

r:- 

— 

( 

IV. 

lli;r 

li:- 

Ill- 
!.,  i 1 



_ . 

'7^  ' • 

. — 

» 

V;- 

' 

- 

PRODUCTIVITY  MEASUREMENT  IN  A BASE 
LEVEL  USAF  CIVIL  ENGINEERING 
ORGANIZATION 


Gary  P.  Baumgartel,  Captain 
Thomas  D.  Johnson,  Captain, 


USAF 

USAF 


ioi  pubU.'  j 
distribiition  w nr,! 


The  contents  of  the  document  are  technically  accurate,  and 
no  sensitive  items,  detrimental  ideas,  or  deleterious 
information  are  contained  therein.  Furthermore,  the  views 
expressed  in  the  document  are  those  of  the  author (s)  and  do 
not  necessarily  reflect  the  views  of  the  School  of  Systems 
and  Logistics,  the  Air  University,  the  Air  Training  Command, 
the  United  States  Air  Force,  or  the  Department  of  Defense. 


USAF  SOI  7S-20B 


AFIT  Control  Member 


AHT  RESEARCH  ASSESSMENT 


The  purpose  of  this  questionnaire  is  to  deteimine  the  potential  for  current 
and  future  applications  of  AFIT  thesis  research.  Please  return  conpleted 
questionnaires  to:  AFIT/  LSH  CHiesis  Feedback),  Wright -Patterson  AFB, 

Ohio  4S433. 

1.  Did  this  research  contribute  to  a current  Air  Force  project? 


a.  Yes 


b.  Mb 


2.  Do  you  believe  this  research  tooic  is  significant  enough  that  it  would 
have  bem  researched  (or  contracted)  by  your  organization  or  another  agency 
if  AFTT  had  not  researched  it? 


a.  Yes 


b.  .Mo 


3.  The  benefits  of  AFTT  research  can  often  be  expressed  by  the  equivalent 
value  that  your  agency  received  by  virtue  of  AFIT  perfoiming  the  research. 
Can  you  estimate  what  this  resear^  would  have  cost  if  it  had  been 
accomplished  under  contract  or  if  it  had  been  done  in-house  in  terms  of  man- 
power and/or  dollars? 


a.  Man-years 

b.  Mm-years 


(Contract) . 
(In-house) . 


4.  Often  it  is  not  possible  to  attach  equivalent  dollar  values  to  research, 
although  the  results  of  the  research  may,  in  fact,  be  important.  Whether  or 
not  you  were  able  to  establish  an  equivalent  value  for  this  research  (3  above) 
what  is  your  estimate  of  its  significance? 


a.  Highly  b.  Significant  c.  Slightly 
Significant  Significant 

S.  Cemnents: 


d.  Of  No 

Significance 

Aocesslon  For  y 

NT  I S GKAjti  yr 

DDC  TAB  1 

Ur.rjinounord  ] 

Jur.tifio;nlon 


V ^ 

' ! n- 


II 


Lzaticn 


non 


lotTtoN  or  « NOV  •>  i«  oatOkiTi 


tCCUNITV  CkAMiriCATlON  0*  THKNAOt 


}CCuNirv  ck  «rioN  or  rni*  •*>)«  ,<•*>•■■  n.,*  ««i.r«ui 


REPORT  DOCUMENTATION  PAGE 


I HkU 

LSSR  17-79A  / ; 


* TiTlC  (anv  t^ciflu  . — — — _— — 

p^ductivity  measurement  in  a J|ASE  i^v 

TkAF  ^IVIL  J.NGINEERING  ^GANI2ATI0^^ 


«E>0  INSTRUCTIONS 
8EFCRC  COMPLETING  FORM 


• COnI  NACT  ON  ONANT^NUMtCNft) 


Gary  P. /eaumgartel.  Captain,  USAF 
Thomas  D. ^Johnson ^ Captain,  USAF 


• ^CA-'OAMIHC  OAOANIl  ATiOM  NAMC  ANO  AOOmSS  f 

Graduate  Education  Division  / 

School  of  Systems  and  Logistics 

Air  Force  Institute  of  Technology ,WPAFB  OH 


II  COMTAOCCIMO  O^^ICC  MAMg  4N0  AOOl«t%f 

Department  of  Research  and  Administrativi 
Management  i 

AFIT/LSGR,  WPAFB  OH  45433  121  


RING  AOCNCY  NAMi  A AOONlSVI^  hmm  C««i4f«lfNig  OHl^m)  It.  tCCUAlTV  CWAtS.  (ml 


UNCLASSIFIED 


A.  tU^^LCM 


It  ggy  WONOt  (CtfMtNHs*  •#«  If  IA*ntffv  Rr  Aloe* 

PRODUCTIVITY  MEASUREMENT 

BASE  LEVEL  USAF  CIVIL  ENGINEERING  PRODUCTIVITY  MEASUREMENT 

PERFORMANCE 

GOALS 

OBJECTIVES 


It  OittRiguTlON  tTATCMtNT  (A4« 

Approved  for  public  release; 

distribution  unlimited 

•7.  OISTNiauTlON  tTATtMINT  (•!  lAa  •A««ra«l  M au«A  10.  II  NlUfalll  

JOSEPH  P.  HIPPS,  Major,  USAF 

llP)  ' 

Director  of  Inforoatlon 

IT  J AFIT-LSSR-17-79A 

• ' / 

/ 

he  purpose  of  this  research  was  to  determine  whether  a model  for 
measuring  the  productivity  of  a base  level  USAF  civil  engineering 
organization  could  be  developed.  The  research  was  conducted  in 
two  distinct  phases.  The  first  phase  was  a review  of  existing 
literature  concerning  productivity  measurement  and  led  to  the 
development  of  a productivity  measurement  model  applicable  to 
a base  level  USAF  civil  engineering  organization.  Productivity 
was  defined  as  the  ratio  of  actual  to  desired  results > divided 
by  the  input  for  the  organizational  level  being  measured.  The 
model  is  a three  tiered  structure  consisting  of  strategic  level 
organizational  goals,  supported  by  branch  level  objectives,  and 
evaluated  by  performance  indicators  which  are  the  ratio  of 
actual  to  desired  results  which  support  the  goals  and  objectives. 
The  second  phase  of  the  research  was  a review  of  Department  of 
Defense  and  Air  Force  literature  in  order  to  identify  the  strategic 
level  organizational  goals,  branch  level  objectives,  performance 
indicators,  and  input  information  for  a base  level  USAF  civil 
engineering  organization This  second  literature  review  identi- 
fied the  goals,  objectives^ and  input  information  for  the  model, 
but  it  was  found  that  existing  actual  output  data  is  insufficient 
to  complete  the  model  in  all  areas. 
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CHAPTER  I 


INTRODUCTION 

Problem  Statement 

USAF  Civil  Engineering  has  tried  many  different 
methods  for  attempting  to  measure  productivity  of  base  civil 
engineering  squadrons.  Each  method  has  met  with  resistance 
and  has  been  discarded.  Despite  a continuing  recognition 
at  all  management  levels  of  a requirement  to  evaluate  pro- 
ductivity, there  currently  exists  no  generally  accepted 
means  to  measure  productivity  within  a base  level  USAF  civil 
engineering  organization. 

Justification 

Productivity  measurement  has  been  an  important  task 
in  the  United  States  economy  because  productivity  "...  has 
long  been  recognized  [as  a]  basic  determinant  of  the  eunount 
of  economic  goods  and  services  that  the  Nation  has  avail- 
able [26:12]."  Therefore,  rising  productivity  provides  the 
basis  for  increasing  real  income  per  worker,  acts  as  a 
deterrent  to  inflation,  and  is  important  in  maintaining  the 
competitiveness  of  U.S.  exports.  The  decline  in  the  growth 
rate  of  productivity  in  the  U.S.  over  the  last  decade  has 
created  an  increased  emphasis  on  productivity  (69:18). 

"Over  the  past  5 years,  productivity  of  the  American  economy 
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has  become  a national  concern  [31:11."  If  we  intend  to 
retain  the  quality  of  life  standard  in  the  U.S.  which  has 
been  established  as  a national  goal,  then  the  current  rate 
of  productivity  must  be  enhanced  in  both  the  public  and 
the  private  sectors  (12:1). 

The  federal  government's  spending  increased  nearly 
$50  billion  from  1972  to  1977  (in  current  1977  dollars) 
while  the  DOD  budget  allocation  declined  by  $17  billion  in 
the  same  time  period.  Therefore,  increased  attention  to 
in-house  productivity  has  resulted  (31:3).  The  Department 
of  Defense,  fully  realizing  its  responsibilities  in  pro- 
moting increased  productivity,  has  used  guidelines  from  the 
National  Center  for  Productivity  and  Quality  of  Working 
Life.  The  importance  of  understanding,  measuring,  and 
ultimately  increasing  productivity  is  clearly  stated  in  the 
following  extract  from  a Vice  Presidential  Memorandum  dated 
August  10,  1976; 

The  Federal  Government  should  take  pride  in  this 
effort  (National  Center  for  Productivity  and  Quality 
of  Working  Life  productivity  reporting  prograun]  to 
report  on  its  own  productivity  growth.  It  is  an 
important  demonstration  of  our  concern  for  government 
efficiency  and  effectiveness.  However,  the  mere  report- 
ing of  productivity  trends  is  not  sufficient  to  bring 
eUsout  the  rate  of  improvement  our  Nation  requires. 

It  is  still  the  responsibility  of  each  manager  to 
strive  for  improvement  within  each  activity  [31:6]. 

Deputy  Assistant  Secretary  of  Defense  Jacques  S.  Gansler 

(Material  Acquisition)  also  stressed  the  important^e  of 

productivity  improvement  within  the  DOD  in  his  statement; 


. . . the  economy  of  every  resource  commitment 
we  make — whether  procurement,  material,  facilities,  or 
manpower  dollars — may  be  crucial  to  the  attainment  of 
our  defense  objectives  [12:1]. 

The  DOD  productivity  enhancement  concern  has  been 
reflected  in  the  USAF  promotion  of  continual  effective 
resource  management.  Louis  L.  Wilson,  Jr.,  General,  USAF, 
captured  this  emphasis  in  the  following  statement: 

The  Air  Force  is  facing  one  of  the  most  austere 
times  in  its  history.  In  spite  of  increased  defense 
budgets  our  buying  power  has  eroded,  with  the  net 
result  that  we  have  to  do  more  with  less.  To  meet 
this  challenge,  we  need  to  fully  utilize  our  most  costly 
and  important  resource — people — by  instilling  in  them 
a sense  of  urgency  about  their  important  role  in  the 
conduct  of  the  Nation's  critical  enterprise — national 
security — and  in  doing  so  we  must  increase  their  pro- 
ductivity [78:21. 

The  USAF's  constant  emphasis  on  productivity  improvement, 
doing  more  with  less,  and  efficiency  in  utilizing  scarce 
resources  in  all  management  areas,  has  been  constantly 
reflected  in  numerous  articles  published  from  1976  to  the 
present. 

USAF  civil  engineering  is  responsible  for  the  opera- 
tion and  maintenance  of  approximately  $17.8  billion  worth 
of  Air  Force  base  facilities  throughout  the  world  at  an 
annual  expenditure  of  approximately  $1.3  billion  (10:2). 
Therefore,  inefficient  use  of  resources  by  USAF  civil  engi- 
neering organizations  has  a significant  impact  on  the  over- 
all DOD  productivity  level.  The  importance  of  increasing 
USAF  civil  engineering  productivity  has  been  reflected  in 
past  policy.  The  major  civil  engineering  objectives  for 
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FY  69  included  work  force  productivity  as  the  number  one 
objective.  Specifically,  the  objective  called  for  increas- 
ing productivity  and  effectiveness  of  the  work  force  by  15 
percent  (5:3).  Guy  H.  Goddard,  Major  General,  USAF  (former 
Director  of  Civil  Engineering)  stated  in  an  article  in  1970 
that,  ”...  much  emphasis  has  been  placed  upon  the  need 
to  increase  productivity  of  our  work  force  (15:1]."  He 
also  stressed  that  the  key  to  productivity  within  the  Air 
Force  Civil  Engineering  structure  was  at  the  base  level 
(15:1).  In  1970,  Archie  S.  Mayes,  Brigadier  General,  USAF, 
(former  Director  of  Civil  Engineering)  presented  a six- 
point  plan  to  improve  productivity  of  the  work  force  and 
overall  efficiency  of  the  base  civil  engineering  operation 
(27:2).  In  1975  Robert  C.  Thompson,  Major  General,  USAF, 
having  recently  been  selected  as  the  Director  of  USAF  Civil 
Engineering,  stated  that  looking  into  the  future  indicated 
that  the  civil  engineer  must  do  more  with  less  through 
increased  productivity  (40:1).  Also  in  1975,  Lieutenant 
Colonel  Norwood  J.  King  stated  in  his  article,  "How  to 
Increase  Work  Force  Productivity," 

If  civil  engineering  activities  are  to  become  more 
efficient  and  effective,  to  be  more  competitive  with 
commercial  forces,  we  must  increase  the  productivity 
of  our  in-house  force  [22:6]. 

He  continued  to  stress  the  importance  of  understanding, 
measuring,  and  increasing  productivity  in  USAF  civil  engi- 
neering. He  concluded  by  stating  that,  "the  American 
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taxpayer  haa  a right  to  expect  a dollar's  worth  of  service 
produced  for  each  dollar  we  spend  (22:6]."  This  continual 
concern  about  the  productivity  of  the  USAF  civil  engineering 
in-house  work  force  has  not  diminished  in  recent  years. 

Recent  changes  to  APR  85-1,  Resources  and  Work  Force  Manage- 
ment, resulted  from  efforts  to  reduce  impediments  to  pro- 
ductivity (28:2). 

The  now  extinct  BALANCE  (Basic  and  Logically  Applied 
Norma— Civil  Engineering)  system  was  established  in  1966  with 
the  objective  of  management  by  results,  and  was  intended  to 
provide  a quantitative  measurement  of  civil  engineering 
effectiveness.  The  experience  gained  from  the  BALANCE  pro- 
gram indicated  that  a performance  measurement  system  should 
be  designed  to  avoid  concentration  on  function  or  activity 
rather  than  mission;  use  of  input  rather  than  output  mea- 
surements; and  imposition  of  Air  Force,  major  command,  wide 
output  level  standards  (5:2-6). 

The  emphasis  on  increasing  productivity  has  created  | 

i 

a need  for  measurement  in  this  area  so  that  managers  can 
effectively  monitor  the  efficiency  of  resource  utilization. 

The  base  level  civil  engineering  organizations  currently 
rely  primarily  on  information  provided  through  the  Base 
Engineer  Automated  Management  System  (BEAMS)  to  monitor 
performance.  This  managemert  information  system  provides 
information  such  as  total  manhours  per  work  order,  cost 
per  facility,  and  estimated  manhours  per  job  compared  with 
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actual  manhours  psr  job  (to  name  a few)  but  an  overall 
measurement  of  productivity  does  not  exist.  Although  the 
subject  of  productivity  has  received  a great  amount  of 
emphasis  for  many  years,  the  term  productivity  has  been 
misused  or  misunderstood  and  has  virtually  defied  mea- 
surement (1). 

Based  on  the  eibove,  a definite  need  exists  for  pro- 
ductivity measurement  in  both  the  public  ^Lnd  private  sectors 
of  the  U.S.  economy.  The  efficient  use  of  resources  at  the 
lowest  levels  of  both  the  public  and  private  sectors  deter- 
mines the  overall  trend  in  U.S.  productivity.  USAF  civil 
engineering  organizations  at  base  level,  as  previously 
stated,  collectively  control  the  expenditure  of  approxi- 
mately $1.3  billion  per  year  for  operating  and  maintaining 
facilities.  Therefore,  the  need  for  evaluating  productiv- 
ity at  this  level  is  vitally  important. 
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CHAPTER  II 


BACKGROUND 


Th«  t«nn  productivity  is  commonly  us«d  in  an  indus- 
trialized society.  However,  due  to  the  wide  usage  of  this 
term,  varying  connotations  result,  and  consequently  the 
definition  of  productivity  has  become  somewhat  obscured 
(25:4).  Paul  Mali  stated. 

The  views  of  productivity  for  purposes  of  defini- 
tion and  understanding  have  not  been  consistent  or 
vmiform.  In  fact,  the  many  views  of  productivity  have 
contributed  to  confusion  and  obscurity  about  its  nature. 
Years  of  seeking  productivity  growth  should  have 
yielded  an  acceptable  meaning.  This  is  not  the  case, 
probably  due  to  different  positions  and  emphasis  in 
the  degrees  of  skill  in  interpreting  and  looking  at 
the  productivity  processes  and  measurements  [25:4]. 

Therefore,  in  order  to  gain  some  insight  about  productivity, 
we  must  address  the  following  questions.  What  is  produc- 
tivity? How  may  it  be  measured?  And  finally,  what  does 
it  actually  tell  us  about  an  organization?  An  attempt 
to  answer  these  questions  should  prove  to  be  an  effective 
means  of  gaining  an  understanding  of  the  significance  of 
productivity  measurement  within  an  organization,  its  use, 
and  its  limitations. 


What  is  Productivity? 

Productivity  may  be  defined  quantitatively  as 
the  ratio  of  some  measure  of  output  to  some  measure  of 
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input  (15:2).  This  sssmingly  simpls  statement  raises  four 
major  questions:  what  output  is  to  be  measured;  what  input  is 
to  be  measured;  which  output-input  comparisons  are  most 
relevant  to  the  organization;  and,  after  comparisons  are 
made,  how  are  the  results  to  be  interpreted  (9:7)?  Various 
approaches  have  been  developed  in  attempts  to  resolve  these 
problems.  But,  before  looicing  at  these  specific  methods 
of  measuring  productivity,  we  will  loo)c  at  the  relationship 
between  productivity  and  organizational  effectiveness. 
According  to  the  U.S.  Department  of  Labor, 

The  main  difference  between  the  concepts  of  produc- 
tivity and  effectiveness  is  that  the  former  includes 
no  evaluation  in  relation  to  some  overall  goal.  A 
measure  of  productivity  does  not  indicate  emything 
about  the  appropriateness  of  the  activity  itself.  The 
program  or  activity  and,  consequently,  the  output  is 
ta)cen  as  given.  Thus  an  interest  only  in  questions 
of  productivity  can  result  in  efficiently  carrying 
out  the  wrong  functions  [76:6]. 

One  method  of  defining  productivity  in  an  attempt 
to  overcome  the  problem  of  measuring  misdirected  efforts 
is  to  include  effectiveness  and  efficiency  in  the  defini- 
tion. George  Kuper,  Acting  Executive  Director  of  the 
National  Commission  on  Productivity  and  Wor)(  Quality,  too)c 
this  approach  and  defined  productivity  as  a combination  of 
effectiveness  and  efficiency.  Productivity  was  still 
defined  as  a ratio  of  output  to  input,  but  output  was  mea- 
sured as  the  results  obtained  or  performance  achieved  in 

e 

terms  of  reaching  the  organizational  goals,  and  input  was 
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measured  as  the  resources  consumed  which  depended  upon  the 
( efficiency  (25:7). 

Another  approach  to  relating  productivity  measure- 
ment to  goal-oriented  results  is  to  include  productivity 
in  an  organizational  effectiveness  model.  A process  model 
developed  by  Richard  M.  Steers  employed  this  method  of 
relating  productivity  to  organizational  effectiveness. 

This  model  used  an  approach  of  goal  optimization  for  mea- 
suring organizational  effectiveness  (35:57).  Due  to 
multiple  and  often  conflicting  goals,  an  organization  will 
never  reach  a point  of  goal  maximization: 

In  most  situations,  for  example,  there  appears 
to  be  little  chance  for  a company  to  maximize  produc- 
tivity and  job  satisfaction  at  the  same  time.  Instead, 
compromises  must  be  made — compromises  that  provide 
for  an  optimal  level  of  attainment  of  both  objectives 
135:58} . 

Therefore,  this  model  indicates  that  productivity  is  one 
of  the  objectives  of  an  organization  but  must  be  compromised 
for  the  overall  optimal  organizational  effectiveness.  The 
other  objectives  with  which  productivity  competes  differ 
from  organization  to  organization  along  with  the  relative 
weights  assigned  to  these  individual  objectives.  There 
have  been  many  models  for  measuring  organizational  effec- 
tiveness  but  there  has  been  little  consistency  in  the  objec- 
i _ tives  considered  important  to  overall  effectiveness.  Pro- 

1 ductivity  was  one  of  the  two  objectives  most  often  incorpo- 

rated in  the  different  models  (34:546-558). 
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If  th«  mod«l  ia  to  includo  a maasurantant  of  goal 
attainmant,  tha  goals  of  tha  organization  must  ba  idanti- 
fiad.  Organizational  goals  can  ba  considarad  to  raprasant 
tha  dasired  futura  conditions  which  an  organization  wants 
to  achiava.  Tha  establishmant  of  goals  is  useful  in  pro- 
viding a sense  of  direction  and  purpose  to  tha  organization. 
Tha  goals  are  usually  general  and  are  transferred  into 
operational  objectives  which  can  be  measured.  There  is  a 
hierarchy  of  goals  within  an  organization.  The  highest 
level  is  the  strategic  or  organizational  level  goals  which 
relate  the  activities  of  the  organization  to  its  environ- 
ment. Goal  attainment  at  this  level  should  be  measured  if 
orgemi rational  effectiveness  is  to  be  determined  (20:155- 
166)  . 

One  of  the  difficulties  that  organizations  face 
is  that  the  abstract  strategic  level  organizational  goals 
are  often  difficult  to  measure.  Therefore,  measurement  of 
performance  in  terms  of  more  specific  operational  objec- 
tives is  emphasized.  Continuous  focus  on  the  objective, 
though,  often  results  in  neglecting  the  strategic  goals  in 
favor  of  the  objectives.  This  process  is  called  goal  dis- 
placement. One  approach  to  overcoming  this  problem  is 
memagement  by  objectives  (MBO) , which  requires  directing 
activities  towards  objectives  and  objectives  towards  stra- 
tegic goals  (20:155-166). 
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Having  looked  at  some  of  the  methods  of  relating 
productivity,  efficiency,  and  effectiveness,  we  will  explore 
some  of  the  methods  used  for  measuring  productivity. 

How  Can  Productivity  be  Measured? 

Bela  Gold  suggested  three  ways  of  looking  at  pro- 
ductivity studies:  as  input-centered,  as  output-centered, 
or  as  point  efficiency  studies  (16:13).  Input-centered 
studies  are  used  to  determine  the  level  and  composition  of 
input  requirements  and  to  minimize  these  requirements. 

"The  measures  used  tend  to  compare  changes  in  some  measure 
of  aggregate,  undifferentiated  output  with  measures  of  the 
input  of  some  particular  resource  [16:13]."  Input-centered 
studies  may  be  broken  into  three  major  categories:  labor 
input,  capital  input,  and  materials  input.  Labor  input  can 
be  in  terms  of  manhours,  number  of  wage  earners,  or  wage 
payments.  Capital  input  can  be  in  terms  of  buildings, 
machinery,  tools,  or  bank  balances.  Material  inputs  cam 
be  in  terms  of  resources  such  as  coal,  steel,  chemicals, 
and  other  products  supplied  to  the  orgamizations  (16:15-31). 

Output-centered  studies  are  concerned  with  deter- 
mining the  level  and  composition  of  output  to  a given  level 
of  input,  amd  maximizing  this  output.  This  method  is  used 
to  determine  production  capacities  at  a constant  input 
level  (16  : 40)  . 

Point-efficiency  studies  are  concerned  with  deter- 
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mining  the  output- input  ratio  of  a particular  point  in  the 
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total  production  process.  This  method  may  be  used  for 
resource  allocation  within  the  organization  (16:48). 


Eilon  and  Soesan  defined  productivity  measurement 
approaches  as  falling  into  four  categories:  financial 
ratios,  productivity  costing,  transfer  pricing,  and  other 
empirically-oriented  approaches.  Financial  ratios  compare 
financial  outputs  to  financial  input  and  include  profit/ 
investment  (return  on  investment) , profit/revenue  (operating 
profitability) , and  revenue /investment  (capital  turnover) . 
Each  of  these  major  ratios  may  be  further  subdivided  among 
component  departments  (9:7-8).  Financial  ratios  are  used 

...  as  a means  of  circumventing  the  problems 
rooted  in  the  heterogeneity  of  physical  inputs  and 
in  the  difficulties  of  assessing  the  contributions 
of  the  different  inputs  of  producing  the  products  in 
question  (9:7]. 

The  productivity  costing  approaches  define  the 
productivity  of  a product  as  its  ability  to  make  a profit. 

The  basic  assumption  is  made  . . . that  an  indus- 
trial system's  operating  costs  remain  essentially  stable 
over  the  whole  normal  range  of  variation  of  output 
in  the  system  and  that,  therefore,  once  the  productive 
facilities  have  been  identified,  productivity  can  be 
measured  by  total  earnings  of  those  productive  facili- 
ties and  the  rate  at  which  each  product  generates 
profit  [9:81. 

Transfer  pricing  compares  the  cost  of  producing 
a product  or  component  which  is  to  be  further  processed 
by  the  organization  against  the  cost  of  obtaining  the  pro- 
duct from  a competitor.  This  method  is  limited  to  organi- 
zations which  transfer  a product  from  one  division  to 
another  (9:10). 
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Other  empirically-oriented  approaches  include  value 
added  per  product,  unit  cost,  actual  output  to  potential 
output,  and  percent  of  output  rejected  (9;ii).  William 
T.  Stewart  stated: 

Measuring  productivity  in  a large  orgamiza*  ‘ 3n 
would  be  easy  if  a simple  ratio  of  work  output  uo  input 
could  be  established.  Unfortunately,  with  contribu- 
tions coming  from  many  departments  and  production  lines, 
the  simplicity  disappears  [36:34]. 

To  overcome  this  problem  Stewart  recommended  ranking  organi- 
zational goals  and  assigning  utility  values.  These  utility 
values  allow  productivity  measurement  through  surrogate 
measurement  (36:34) . 

While  looking  at  these  various  methods  of  measuring 
productivity,  we  must  explore  the  relationship  between 
organization  type  amd  productivity  measurement  methods. 
Greenburg  listed  three  types  of  organizations:  the  plant, 
the  job  shop,  and  the  service  organization.  The  plant 
produces  a variety  of  products  which  may  gradually  change 
as  time  passes  (18:15). 

The  basic  principle  to  be  kept  in  mind  in  develop- 
ing a system  of  output  and  productivity  measurement 
is  that  all  units  produced  by  the  firm  are  related 
to  each  other,  more  or  less.  If  it  is  possible  to 
place  a "value"  on  one  unit,  then  it  should  be  possible 
to  "value"  other  units  produced.  The  values  of  the 
units  should  be  conceptually  equivalent  to  each  other 
in  a way  which  meets  the  basic  objective  of  developing 
an  output  measure  to  be  used  for  productivity  ratios 
[18:16] . 

This  product  equivalency  allows  the  measurement  of  the 
constant  dollar  value  added  (18:17). 


I 


The  job  shop  presents  a problem  in  that  the  out-  j; 

puts  of  one  time  period  differ  from  the  outputs  of  the  | 

next.  This  lack  of  similarity  over  short  periods  of  time 
makes  comparison  difficult.  Outputs  must  be  broken  into 

components  cmd  equivalency  of  components  over  time , and  1 

then  compared  (18:31-35). 

The  service  organization  may  break  up  its  services 
as  identifiable  physical  units  and/or  intangible  units. 

The  procedure  for  measuring  productivity  of  the  identifi- 
able physical  units  is  the  same  as  for  either  the  plant 
or  the  job  shop  (18:40-41).  Intangible  units  may  be 
reduced  to  identifiable  physical  units,  compared  over  indus- 
try job  standards,  or  ”.  . . the  manager  can  observe  and 
make  some  judgment  about  the  quality  of  work  and  may  be 
able  to  install  procedures  for  monitoring  and  measuring 
it  [18:42]."  Heaton  emphasized  that  calculating  produc- 
tivity in  service  organizations  should  also  consider  the 

total  service  process,  where  timeliness  of  actions  and  ij 

customer  satisfaction  should  be  assessed  and  included  in  | 

the  productivity  measurements  (19). 

The  actual  measvirement  of  productivity  factors  I 

is  dependent  upon  the  type  of  productivity  study  desired, 
the  measurement  approach  taken,  and  the  type  of  organiza- 
tion being  studied.  The  measurements  may  take  on  many  ’ I 

forms — from  cost  per  manhour,  to  index  or  unit  manhour  | 

requirements,  to  operating  profit  per  operating  assets,  i 
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to  parcont  of  goal  achiavad,  and  many  mora.  Tha  uaa  and 
faaaibility  of  mathods  of  maasurement  "...  will  dapand 
on  their  relationship  to  existing  cost  accounting  pro- 
cedures or  on  tha  ability  of  the  firm  to  modify  its  account- 
ing procedures  without  incurring  excessive  costs  [18:5]." 

Mali  suggested  that  productivity  measurement  should 
be  aimed  at  assessing  the  amount  of  productivity  change 
over  time  rather  than  simply  relying  on  point  measurements. 

He  also  felt  that  productivity  should  include  both  quanti- 
tative and  qualitative  assessments  of  output  (25:80-82). 

Mali  also  pointed  out  that  the  number  of  productivity  output- 
input  ratios  that  can  be  developed  is  unlimited.  He  sug- 
gested that  a number  of  productivity  gains  are  likely 
and  recommended  the  following  guidelines  for  developing 
the  ratios: 


1.  Use  several  ratios  that  have  historic  validity 
for  the  organization. 

2.  Build  in  ratio  measures  while  the  work  pro- 
cesses for  productivity  are  being  designed,  planned, 
eu\d  developed. 

3.  Change  general  terms  to  quantified  expressions 
to  tell  how  much  and  what  is  needed. 

4.  Focus  the  ratio  toward  the  output  of  the  pro- 
cess rather  than  its  activities. 

5.  Select  ratios  that  are  useful  at  the  firm  level 
rather  than  at  the  macro  level  of  the  economy  [25:84]. 

He  also  stated  that  the  measurement  of  the  total 
productivity  of  an  organization  should  not  be  limited  to 
a single  ratio  measure,  and  that  a total  productivity  mea- 
sure could  be  developed  by  summing  a series  of  productivity 
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ratios  for  various  units  or  dspart»snts  within  an  organiza- 
tion. Ths  ssriss  would  bs  sxprssssd  as 

k 

r 

Total  productivity  ■ 

for  k units  whsrs  P is  a porformancs  indicator  and  R is  a 
rssourcs  indicator  (25:92-93). 

Mali  reconmsndsd  using  ths  MBO  approach  for  man- 
aging and  measuring  the  productivity  of  an  organization. 

This  approach,  called  management  of  productivity  by  objec- 
tives (MPBO) , requires  an  understanding  of  the  purpose  of 
the  organization,  the  establishment  of  objectives  for 
achieving  the  desired  results,  and  making  output-input 
measurements  (25:45-46) . 

A productivity  measurement  model  of  this  type 
requires  the  establishment  of  strategic  level  organizational 
goals  which  can  be  understood  and  accepted  at  all  levels 
within  the  organization.  After  the  organizational  goals 
have  been  developed,  clearly  defined  operational  objectives 
at  the  coordinative  or  branch  level  must  be  developed  which 
direct  results  towards  the  organizational  goals.  Perform- 
ance indicators  must  be  developed  to  measure  the  degree  to 
which  the  results  obtained  agree  with  the  desired  results 
established  by  the  operational  objectives.  Finally,  the 
performance  level  must  be  related  to  the  resources  used  to 
attain  that  level. 


In  1974  Captain  Arnold  and  Captain  Fink  attempted 
to  develop  organizational  objectives  for  base  level  civil 


engineering  organizations » and  to  develop  performance  indi- 
cators to  assess  the  results  achieved  in  meeting  the  objec- 
tives (4).  Their  results  are  not  directly  applicable  to 
this  research  because  they  did  not  identify  the  organiza- 
tional goals. 


Further  Considerations 

Thus  far  we  have  looked  at  productivity  from  a 
systems  point  of  view;  i.e.,  by  establishing  the  relation- 
ship between  productivity  and  the  organization's  optimal 
effectiveness.  We  have  also  looked  at  productivity  mea- 
surement from  a macro  or  aggregate  viewpoint;  i.e.,  defin- 
ing approaches  to  productivity  measurement  in  terms  of 
inputs  and  outputs.  At  this  point  we  need  to  explore 
several  factors  that  affect  productivity. 

According  to  Kast  and  Rosenzweig,  productivity 
depends  on  two  major  factors:  employee's  job  performance, 
and  resources  utilized  (20:255).  The  resources  (raw 
materials,  plant,  and  technology)  are  normally  quantifiable 
and  were  addressed  in  the  previous  discussion  of  productiv- 
ity measuren^nt  methods.  Therefore,  we  need  to  concentrate 
on  the  human  inputs  to  productivity. 

"Disregarding  technological  considerations,  the 
productivity  of  an  individual  depends  primarily  on  ability 
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and  motivation  to  perform  [20:256] 


individual  depends  on  a complex  combination  of  factors 
including:  skill,  knowledge,  experience,  training,  inter 


est,  physical  condition,  and  values.  Motivation  and  work 


attitudes  are  even  more  complex,  and  many  ideas  about  the 
effect  on  productivity  and  ways  of  improving  employees' 
job  performance  have  been  proposed  (20:256). 


Tom  Lupton,  in  his  article  "Efficiency  and  the 
Quality  of  Worklife,"  suggested  the  joining  of  engineers 
emd  social  scientists  to  design  jobs  for  efficient  work 
but  catering  to  the  needs  of  the  workers.  He  also  realized 

the  difficulty  of  measuring  worker  satisfaction  but  pro- 

\ 

posed  that  a personal  interview  of  workers  concerning  job 
satisfaction  be  incl\ided  aunong  the  measurements  of  organize' 
tional  effectiveness  \(24:68-80) . 


C.  Jackson  Grayson,  Jr.,  suggested  that  the  defini- 
tion of  productivity  should  be  broadened  from  an  output- 
per-man  concept.  He  stressed  the  importance  of  management 
attitudes  and  practices  in  terms  of  effects  on  motivation 
and  creativity. 

Productivity  is  a combination  of  men,  machines, 
and  management  methods.  So,  total  productivity  includes 
the  effects  of  ladjor  and  capital,  plus  management  know- 
how and  innovations  [17:31]. 


He  also  stated  that  union  practices,  human  investments 
(training) , and  workers'  incentives  were  important  factors 


David  McClean  also 


discussed  increasing  productivity  through  worker-oriented 
programs.  He  suggested  that  "economic  reward,  personal 
job  satisfaction  and  future  opportunity  are  three  basic 
elements  that  turn  people  on.  Failure  and  frustration 
turn  them  off  [29:661."  Raymond  Katziel  also  indicated 
that  the  rewards  for  effective  work  must  be  meaningful  to 
the  workers  themselves  (21:69-75). 

Edward  M.  Glaser,  in  his  book  Productivity  Gains 
Through  Worklife  Improvements,  agreed  that  work  climate- 
structure,  career  opportunities,  and  decision-making 
involvement  frequently  led  to  greater  productivity  and 
job  satisfaction.  He  suggested  that  cooperation  between 
labor  and  management  was  essential  when  trying  to  boost 
productivity  (14  :12) . 

Edward  E.  Lawler  III  also  stated  the  importance 
of  job  design  and  workers'  needs.  Some  workers  like  job 
enrichment  while  others  are  satisfied  with  mass  production 
work.  Lawler  suggested  the  possibility  of  having  both 
types  of  job  designs  available  within  an  organization. 
Another  area  of  importance  was  leadership  style  where  again 
he  suggested  matching  the  style  to  the  individual  worker. 
Some  workers  need  authoritarian  direction  and  control  while 
others  require  democratic  participation  (23:19-29).  He 
summed  up  his  position  by  stating, 

Organizations  can  change  their  job  designs,  selec- 
tion evaluation,  pay,  work  hours,  and  leadership  styles 
in  order  to  adapt  to  the  needs  of  individuals  and 
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th«rttby  craata  working  anvlronmants  that  will  ba  more 
effactlva,  satisfying,  motivating,  and  less  alientating 
[23:29] . 


A final  consideration  is  the  effect  of  the  mea- 
surement method  or  technique  on  the  workers'  attitudes  and 
motivation.  Edward  M.  Glaser  pointed  out  that  "...  the 
word  'productivity*  means  management  pressure  to  get  more 
work  out  of  labor  as  many  employees  see  it  [14:25]."  There 
fore,  job  standards  and  many  productivity  studies  can  be 
interpreted  by  employees  as  a means  of  forcing  them  to 
work  harder.  David  Sirota  pointed  out  that  "...  [job] 
standards  have  a self-defeating  quality:  in  the  long  run, 
they  act  to  discourage  precisely  what  they  are  designed 
to  encourage—namely,  worker  productivity  [32:111]."  He 
suggested  a more  flexible,  output-oriented  measurement 
approach  where  incentives  are  given  for  overall  increased 
outputs  at  the  section  level  (32:111-116).  Gerald  Nadler, 
Professor  of  Industrial  Engineering,  also  saw  negative 
results  from  too  much  emphasis  on  measurements  (30:2). 

He  stated: 

Present  measurement  techniques  just  scare  people. 
They  know  others  who  are  adversely  affected  by  their 
limited  perspective.  Measurement  emphasis  alone  in 
industrial  engineering  creates  pollution — bad  effects 
on  people  [30:25] . 

Therefore,  we  see  that  not  only  do  people  have  a great 
impact  on  productivity  but  the  measurement  of  productivity 
can  have  an  effect  on  people. 


! 
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Productivity  Measurement 


Chapter  I showed  that  increasing  productivity  has 
been  a national  concern  for  many  years  and  that  USAF  Civil 
Engineering  has  reflected  this  concern  in  productivity 
goals,  objectives,  and  policy  statements  during  the  past 
decade.  One  of  the  five  current  goals  of  the  USAF  Direc- 
torate of  Engineering  and  Service  is  Increased  Productivity. 
The  goals  established  by  the  Directorate  are  considered 
to  be  the  key  concerns  of  civil  engineering  and  services, 
requiring  the  maximum  eunount  of  attention  and  management 
effort  (8:2).  Base  level  civil  engineering  memagers  must 
be  able  to  assess  an  increase  or  decrease  in  productivity 
in  order  to  identify  the  degree  of  attainment  of  this  Direc- 
torate goal.  Therefore,  a method  of  measuring  the  produc- 
tivity of  a base  level  civil  engineering  orgeinization  is 
definitely  needed. 

The  preceding  discussion  of  productivity  has  shown 
that  the  definition  of  productivity  has  depended  upon  the 
organization  being  studied,  the  management  information 
desired,  the  method  of  measurement,  and  the  point  of  view 
of  the  definer.  The  opinion  that  there  is  a relationship 
between  productivity,  effectiveness,  and  efficiency  is 
generally  held,  but  the  manner  in  which  they  are  related 
depends  upon  the  interest  and  desired  emphasis.  The 
problem  of  relating  output  to  input  to  goal  achievement 
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and  the  necessity  of  insuring  that  activity  be  goal 
directed  was  discussed. 

The  need  to  stay  within  existing  accounting  sys- 
tems if  possible  was  also  addressed.  The  amovint  of  change 
required  in  an  organization's  information  system  should 
receive  consideration  before  developing  a method  of  mea- 
suring productivity.  Also,  the  need  to  consider  the  effect 
that  measuring  productivity  has  on  the  org2mization's  per- 
sonnel was  discussed.  To  overcome  the  problem  of  possibly 
decreasing  productivity  by  inappropriate  measurement,  result 
or  output-oriented  measurement  for  the  entire  organization 
might  be  an  appropriate  approach. 

Finally,  the  problem  of  how  many  measurements  of 
productivity  was  discussed.  An  appropriate  method  would 
be  to  have  several  measurements  that  would  then  be  summed 
for  a total  productivity  measurement  for  the  organization. 

Based  upon  the  literature  review,  we  have  con- 
cluded that  the  method  for  measuring  productivity  in  a 
USAF  civil  engineering  squadron  should  be  a series  of 
output- input  measurements  that  are  goal  oriented.  The 
output  should  be  an  indicator  of  performance  and  the  input 
should  be  an  indicator  of  the  total  resources  required 
to  obtain  the  performance  level.  Additionally,  the  mea- 
surement method  should  interface  with  the  existing  manage- 
ment information  system  (BEAMS) , to  avoid  additional 
administrative  work. 


!! 


! 
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The  measurement  of  productivity  should  be  centered 
at  the  strategic  level  of  the  organization  to  provide 
information  aUsout  productivity  changes  at  the  squadron  and 
bramch  levels.  Measurement  of  productivity  at  the  section 
and  individual  worker  levels  will  not  be  addressed.  Since 
a base  level  USAF  civil  engineering  squadron  is  a service 
organization,  customer  satisfaction  as  well  as  quantity, 
quality,  and  timeliness  of  the  output  should  be  measured. 

Finally,  the  productivity  ratios  should  be  estad)- 
lished  to  evaluate  and  analyze,  on  a recurring  basis, 
trends  of  the  changes  in  productivity. 

Definition  of  Terms 

For  clarity  and  to  resolve  the  conflicts  of  vary- 
ing definitions  and  terminology,  the  following  definitions 
will  be  used  for  this  research. 

Input — the  quantity  of  resources  used  by  the  organi- 
zation during  a specified  period  of  time.  Inputs  include 
energy,  manpower,  dollars,  natural  resources,  and  materials. 
All  inputs  aggregated  together  must  be  of  the  same  dimen- 
sional units.  For  the  purpose  of  this  research  inputs  will 
be  measured  in  dollars,  and  will  include  all  types  of 
resources,  both  direct  and  indirect. 

Output — the  quantity  of  goods,  products,  and  ser- 
vices produced  or  provided  during  a specified  period  of 
time. 
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Efficiency — the  ratio  of  output  to  input.  This 
term  does  not  imply  the  appropriateness  of  the  output  to 
goal  attainment. 

Effectiveness — the  measure  of  how  well  an  organiza- 
tion is  progressing  towards  its  strategic  level  organiza- 
tional goals. 

Goals — the  strategic  level  organizational  goals 
that  relate  the  activities  of  a base  level  USAF  civil 
engineering  organization  to  its  environment. 

Objectives — the  desired  future  conditions  that  are 
subgoals  of  the  strategic  level  organizational  goals  which 
a base  level  USAF  civil  engineering  organization  branch 
w^mts  to  achieve  through  its  activities. 

Performance  Indicator — the  ratio  of  the  actual  to 
the  desired  output  of  a specific  base  level  USAF  civil 
engineering  organization  branch  level  activity  in  terms  of 
quantity quality,  timeliness,  and  customer  satisfaction. 

Productivity — the  measure  of  the  effective  and 
efficient  use  of  resources  to  attain  results  which  are 
directed  towards  achieving  the  strategic  level  organiza- 
tional goals,  through  the  branch  level  objectives.  Pro- 
ductivity will  be  measured  as  the  average  value  of  the  per- 
formance indicators  for  each  objective  divided  by  the  total 
resources  used  to  attain  the  level  of  output  of  the  spe- 
cific branch  level  activities  contributing  to  each  objective. 
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As  stated  previously,  output  measurement  in  a 
service  organization  is  normally  very  elusive.  The  outputs 
are  often  obscure  and  are  not  countable,  physical  products. 
USAF  civil  engineering  managers  often  attempt  to  get  a 
feel  for  how  well  they  are  accomplishing  their  mission  by 
relying  on  a variety  of  output  and  input  indicators  avail- 
able from  various  sources  which  include  BEAMS,  status 
charts,  briefings  and*  manual  records.  The  measurement  of 

output  generally  centers  on  branch  or  section  activities, 

/ 

and  the  objectives  of  the  branch  are  often  ignored. 

The  process  model  in  Figure  1,  developed  from 

1 

Mali's  model  (2^:49),  represents  this  feedback  system 
pictorially. 

As  can  be  seen  in  this  process  model,  inputs  and 
outputs  are  compared  to  standards  or  desired  levels,  and 
action  is  taken  if  the  difference  between  the  actual  and 
desired  inputs  or  outputs  are  significant  to  the  manager. 
Output  to  input  comparisons  are  sometimes  used,  but  many 
of  the  information  sources  deal  only  with  outputs  or  inputs. 
Also  there  is  no  formal  link  between  goals  and  desired 
results,  and  no  comparison  process  between  actual  results 
auid  desired  results.  This  is  generally  the  case  in  service 
organizations  because  goals  are  often  obscured  and  a formal 
statement  of  desired  results  is  often  nonexistent  (3:141). 
This  situation  presently  exists  within  base  level  USAF 
civil  engineering  squadrons  (11:70-80) . 


MISSION 

OR 

RESPONSIBILITY 


RESULTS 


■1 
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Our  prcxiuctivity  model  expands  the  process  model  of 
Figure  1 to  include  these  overlooked  yet  vitally  important 
functions.  A formal  statement  of  strategic  level  organiza- 
tional goals,  more  specific  branch  level  objectives,  and 
specific  results  of  combinations  of  activities  supporting 
these  objectives  will  be  the  vehicle  used  to  close  this 
link.  Figure  2 represents  the  process  model  we  have  used 
to  incorporate  these  omissions.  As  can  be  seen,  in  addi- 
tion to  the  desired  results  of  the  base  level  USAF  civil 
engineering  organization  activities,  a formal  statement  of 
the  desired  results  of  the  organization's  activities  as 
perceived  by  higher  headquarters,  base/wing  commanders, 
and  serviced  organizations  and  individuals  are  included. 

Therefore,  to  measure  the  productivity  of  a base 
level  USAF  civil  engineering  organization,  a productivity 
measurement  model  based  upon  a network  of  performance  indi- 
cator/input ratios  will  be  used.  As  defined  previously, 
the  performamce  indicators  will  be  ratio  of  actual  to 
desired  outputs  of  specific  civil  engineering  branch  level 
activities  in  terms  of  quantity,  quality,  timeliness,  and 
customer  satisfaction.  The  inputs  will  be  the  total 
resources,  in  dollars,  used  to  obtain  the  output  of  the  spe- 
cific branch  activities.  Input  information  is  availcible 
directly  from  the  automated  products  from  the  Base  Engineer 
Automated  Management  System  (BEAMS) , as  outlined  in  AFM 
171-200,  and  the  Resource  Management  System  automated 
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products  AS  outlined  in  AFM  178-6.  Therefore,  the  produc- 
tivity measurement  will  be  accomplished  at  the  organiza- 
tion and  branch  levels,  and  will  not  directly  measure 
individual  worker  productivity.  The  productivity  measure- 
ments will  be  computed  periodically  and  can  be  compared  to 
previous  period  measurement  to  allow  for  trend  analysis. 

This  model  is  depicted  in  Figure  3.  The  productivity  for  a 
branch  is  equal  to  the  sum  of  that  branch's  performance 
indicators  for  all  of  its  objectives  and  goals,  divided 
by  the  total  number  of  performance  indicators,  divided  by 
the  total  input  to  the  branch,  expressed  in  dollars.  The 
performance  indicator  must  be  designed  such  that  its  value 
increases  as  objective  achievement  is  approached. 

Research  Objectives 

The  objectives  of  this  research  are  to:  (1)  develop 
strategic  level  organizational  goals  and  branch  level  objec- 
tives of  a BCE  organization  through  synthesis  of  published 
Department  of  Defense  (DOD)  and  Air  Force  (USAF)  policy 
directives  and  guidance,  and  (2)  to  determine  if  branch 
level  activity  output  data  in  terms  of  quantity,  quality, 
timeliness  and  customer  satisfaction  is  currently  recorded 
manually  or  through  automated  systems  to  establish  perform- 
ance indicators  to  complete  a productivity  measurement 
model  for  a base  level  USAF  civil  engineering  organization 
matching  the  general  model  developed  previously. 
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GOAL  1 


• • • 


GOAL  r 


PRODUCTIVITY  (BRANCH  q) 


i-1  (S)  (t) 

TOTAL  INPUT  (BRANCH  q) 


Fig.  3.  Orgamizational  Productivity  Matrix  Model 
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Research  Questions 

In  order  to  measure  productivity,  the  following 
research  questions  must  be  answered. 

1.  What  are  the  strategic  level  organizational 
goals  of  a base  level  USAF  civil  engineering  organization? 

2.  What  are  the  operational  objectives  of  the 
bramches , that  direct  activities  toward  achieving  the 
goals  defined  in  research  question  1? 

3.  What  existing  recorded  branch  activity  output 
and  input  data  is  available  for  developing  performance 
indicators  in  terms  of  quantity,  quality,  timeliness  and 
customer  satisfaction,  that  support  the  objectives  iden- 
tified in  research  question  2? 

i? 

i 


CHAPTER  III 


FINDINGS 

Introduction 

A review  of  existing  USAF  civil  engineering  policy 
guidance,  functional  directives,  and  sources  of  output  and 
input  data  was  conducted.  The  review  included  Executive 
Orders,  Department  of  Defense  directives  and  instructions. 
Air  Force  regulations,  manuals  and  recurring  periodicals, 
and  forthcoming  guidance  from  the  Civil  Engineering  and 
Services  Management  Engineering  Teaun  and  publications  from 
the  Air  Force  Institute  of  Technology  Civil  Engineering 
School.  This  chapter  presents  the  pertinent  information 
contained  in  the  above  publications  which  supported  the 
development  of  the  strategic  level  organizational  goals  and 
the  branch  objectives;  and  identified  the  available  branch 
activity  output  and  input  information. 

Methodology 

The  methodology  for  this  research  was  a secondary 
literature  search.  The  researchers  systematically  reviewed 
available  documented  guidance  pertaining  to  the  three  areas 
of  interest  specified  in  the  research  questions;  i.e.,  ID 
strategic  level  organizational  goals,  (2)  branch  objectives 
and  13)  performance  indicators. 
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The  search  for  goal  statements  involved  many  differ 
ent  sources  of  information.  No  attempt  was  made  to  consoli 
date  similar  statements  from  different  sources  in  this 
chapter.  Because  the  directives,  in  most  instances,  have 
not  attempted  to  differentiate  between  organizational  level 
and  branch  level  requirements  in  their  presentation  of 
requirements,  the  information  on  goals  and  objectives  will 
be  presented  together  in  this  chapter.  Also,  the  thrust  of 
the  literature  search  for  branch  objectives  was  limited  to 
statements  of  functional  requirements  and  responsibjilities . 

f 

The  literature  search  for  performance  indicators 
was  centered  around  actual  output,  input  and  performance 
data  which  is  already  being  collected  at  base  level  within 
the  civil  engineering  organization.  The  search  did  not 
include  an  attempt  to  identify  desired  output,  the  denomi- 
nator for  a performance  indicator.  Unless  desired  outputs 
are  established  by  directive  they  should  be  locally 
developed  by  managers  through  a Management  by  Objective 
(MBO)  program  or  other  management  technique  (20:174). 

Input  data,  as  previously  stated  in  Chapter  II,  are 
available  from  the  Base  Engineer  Automated  Management  Sys- 
tem (BEAMS)  products  and  the  Resource  Management  System 
(RMS)  products.  The  level  of  detail  provided  by  these  sys- 
tems, concerning  inputs  relative  to  activities  and  responsi 
bility  areas,  was  sufficient  to  allow  concentration  on  out- 
put measurement. 


Because  the  model  for  productivity  measurement 
presented  in  Chapter  II  requires  that  the  performance  indi- 
cators be  dependent  upon  the  objectives  which  in  turn  are 
dependent  upon  the  goals,  no  attempt  was  made  to  filter  the 
data  presented  in  the  remaining  sections  of  this  chapter. 


The  filtering  and  integration  of  data  to  provide  explicit 


statements  of  strategic  level  organizational  goals,  branch 
level  operational  objectives  and  associated  performance 


i, 


indicators  will  occur  in  Chapter  IV. 


Goals  and  Objectives 

The  productivity  model  developed  in  Chapter  II 
requires  a goal/objective/performance  indicator  hierarchy. 
USAF  civil  engineering  mission  requirements  and  policy  are 
primarily  stated  in  Air  Force  regulations. 

Interpretation  of,  or  emphasis  on,  certain  mission 
requirements  also  emanated  from  the  office  of  the  Director 
of  Engineering  and  Services.  Additionally,  DOD  directives 
and  instructions  are  sources  of  general  policy  guidance 
underlying  the  more  specific  Air  Force  regulations,  and 
often  provide  the  essence  or  the  philosophy  that  is  to  be 
reflected  in  the  more  specific  Air  Force  regulations  and 
policy. 

The  Air  Force  regulations  pertaining  to  civil 
engineering  specifically  are  found  in  the  8S-X,  86-X,  87-X, 
88-X,  89-X,  90-X,  91-X,  92-X  Md  93-X  series  publications. 
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These  publications  address  areas  concerning:  general  civil 
engineering  requirements,  programming,  real  property  manage- 
ment, facility  design  and  planning,  facility  construction, 
housing,  real  property  operation  and  maintenance,  fire  pro- 
tection, aund  special  civil  engineering  programs. 

Air  Force  Regulation  (AFR)  85-10,  Operation  and 
Maintenance  of  Real  Property  (59),  establishes  the  basic 
policy  and  responsibility  for  the  base  civil  engineering 
organization.  Figure  4 is  the  mission  of  civil  engineering 
activities  set  forth  in  AFR  85-10.  To  expand  this  list  of 
mission  statements  and  to  establish  a basis  for  which  a 
concise  statement  of  base  level  USAF  civil  engineering 
strategic  goals  could  be  developed.  Department  of  Defense 
and  Air  Force  published  policy  directives  that  pertain  to 
the  basic  mission  requirements  stated  in  AFR  dS-iO  were 
examined.  A major  concern  for  the  acquisition,  operation, 
maintenance  and  disposal  of  facilities  was  evident  throughout 
the  civil  engineering  policy  statements.  The  proper  utiliza- 
tion of  these  facilities,  the  total  cost  from  conception  to 
demolition,  and  the  livability  of  the  base  facility  com- 
munity also  received  considerable  attention.  Finally, 
environmental  impact  and  energy  consumption  related  to  the 
operation  of  the  facilities  was  of  major  concern. 

Major  General  Robert  C.  Thompson  stated  that 

. . . engineers  must  do  more  than  build  and  main- 
tain. They  must  insure  that  what  is  built  satisfies 
the  needs  of  our  people.  Our  products  must  be 
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functional,  they  must  look  good,  they  must  be  maintain- 
able and  they  should  be  something  in  which  we  all  take 
pride  [41:1]. 

APR  89-1,  Design  and  Construction  Management,  pro- 
vides policies,  procedures  and  responsibilities  for  the 
design  and  construction  of  Air  Force  facilities.  This 
regulation  states  that  the 

. . . design  of  facilities  must: 

a)  Be  based  on  actual  requirements  of  the  project. 

b)  Meet  the  operating  requirements  of  the  using 
activity  and  provide  reasonable  flexibility  to  accom- 
modate foreseeable  changes  in  requirements  by  the  using 
activity.  And, 

c)  Provide  highly  functional  facilities  at  the 
lowest  practical  construction  costs,  with  due  regard 
for  energy  conservation  and  economy  in  maintenance  and 
operation  of  the  facility  [51:p.2-l]. 

Additionally,  this  regulation  requires  economic  studies 

which 


. . . should  consider  the  life  cycle  cost  of  the 
facility  so  as  to  arrive  at  an  economical  cost  which 
considers  not  only  the  initial  construction  cost,  but 
also  operation  and  maintenance  costs  over  the  design 
life  of  the  facility  [51:p.2-3]. 

Department  of  Defense  (DOD)  Directive  4270.1, 
Construction  Criteria,  states  that 

. . . military  facilities  shall  be  designed  and 
constructed  to  meet  the  functional  requirements  they 
support.  Construction  criteria  and  policy  guidance 
shall  be  based  on  function,  durability,  and  reasonable, 
appropriate  costs  of  maintenance  and  operation  over  the 
design  life  of  the  facilities  [71:1]. 

Furthermore,  AFM  88-15,  Air  Force  Design  Manual 
Criteria  and  Standards  for  Air  Force  Construction,  estab- 
lishes criteria  and  standards  for  the  type  and  quality  of 
materials  and  systems  to  be  used  in  the  construction  of 
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Air  Force  facilities  to  ensure  minimum  maintenance  and 
life  cycle  costs  (45:p.l-l). 

AFR  86-4,  Master  Planning,  establishes  the  civil 
engineering  responsibility  for  continually  evaluating  the 
adequacy  of  Air  Force  facilities.  It  also  states  that 
master  plans  must  be  prepared  with  the  underlying  principle 
that  base  facility  arrangements  should  ultimately  insure 

a.  Efficient  and  economical  operations. 

b.  Efficient  and  economical  use  of  existing  real 
property  resources.  And 

c.  Provision  for  a good  living  and  working  environ- 
ment [55:1] . 

AFM  86-1,  Proqrar.aninq  Civil  Engineering  Resources, 
states  that  the  objective  is  to  achieve  and  maintain  a base 
where  all  facilities  are  real  property  condition  code  1 
(they  can  house  the  function  for  which  designated  with 
reasonable  maintenance  and  without  alteration  or  reconstruc- 
tion) (63;p.  1-1)  . 

The  concept  of  proper  utilization  of  base  facili- 
ties is  addressed  in  several  directives.  DOD  Directive 
4165.20,  Utilization  and  Retention  of  Real  Property,  states: 

Department  of  Defense  real  property,  wherever 
located,  shall  be  limited  to  the  land  area  and  the  num- 
ber and  types  of  buildings  and  other  improvements  that 
are  essential  to  the  support  of  current  missions  and 
the  forces.  . . . All  real  property  of  whatever  size, 
kind  or  nature  not  essential  to  such  support  shall  be 
reported  as  excess  [75:2]. 

AFR  87-2,  Use  of  Real  Property  Facilities,  sets  forth  policy 


to  ensure  maximum  use  of  real  property  facilities  (67:1). 
Additionally,  AFM  86-2,  Standard  Facility  Requirements, 


was  developed  to  provide  guidance  to  realize  the  Air  Force 
goal  to. 


a.  Make  maximum  use  of 

b.  Acquire  and  maintain 
of  functional  requirements, 
building  new  facilities  and 
ties. 


existing  facilities. 

through  continuous  study 
solid  justifications  for 
occupying  existing  facili- 


® ^ design  criteria  for  new  or  revised 

functional  requirements  are  available  when  needed. 

in  niln  accuracy,  completeness  and  uniformity 

programming,  and  budgeting  for  the  opera- 
tes' [65:  p?l-l”!®'  construction  of  needed  facili- 


Finally,  afr  90-1,  Assignment  of  Family  Housing. 

(47:p.2-l)  and  AFR  90-6,  Air  Force  Inventory  and  Utiliza- 
tion of  Military  Family  Housing.  (46:p.l-2)  set  forth  policy 
concerning  utilization  of  family  housing,  and  set  the  goal 
of  99  percent  occupancy  rate  for  all  family  housing  units. 

Quality  of  life  and  the  personal  needs  of  the  base 
facility  users  have  also  been  included  in  the  desire  for 
proper  utilization  of  facilities.  This  was  summed  up  in 
Major  General  Robert  C.  Thompson's  statement. 


givino  Services  management  should  be 

giving  far  more  attention  to  the  quality  of  our 

Irof.  facilities  including  out-of-dooL 

buildings  and  building  interiors 

time*  leisure 

p“i;ctr  "■?  improve»,ent 

tion  Md' i construe- 

tion  and  normal  operations  and  maintenance  [38:1]. 

The  policy  guidance  previously  presented  indicated 
that  the  operations  and  maintenance  actions  and  related 


costs  should  not  be  overlooked  during  facility  design  and 
construction.  These  costs  are  an  important  function  in  life 
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cycle  costing  and  also  affect  the  livability  and  functional 
use  of  base  facilities.  The  following  directives  expand 
or  reinforce  the  Air  Force  policy  concerning  operations 
and  maintenance. 

Major  General  Willieun  D.  Gilbert,  Director  of  Engi- 
neering and  Services  stated  that  the  civil  engineering 
mission  has  the  world-wide  requirement  of  maintaining  and 
repairing  Air  Force  facilities,  and  that  the  base  level 
organization  is  the  key  to  this  maintenance  progreun  (13:80). 
He  further  stated: 

We  have  made  great  strides  in  the  last  few  years 
to  improve  the  appearance  and  livaOjility  of  our  facili- 
ties. Of  equal  importance  is  the  maintenance  and 
repair  of  vital  utility  systems  and  facilities  which 
must  be  dependable  and  ready  to  support  mission  require- 
ments (13:80]. 

Operation  and  maintenance  policy  for  family  housing 
is  contained  in  DOD  Instruction  4270.21,  Policy  and  Criteria 
of  Operating,  Maintenance  and  Repair  of  Defense  Family 
Housing,  and  AFR  91-1,  Operation  and  Maintenance  of  Air 
Force  Family  Housing.  DOD  Instruction  4270.21  states, 

Family  housing  facilities  shall  be  operated  and 
maintained  to  a standard  which  will  provide  decent 
and  livable  accommodations  in  good  condition  and  pro- 
tect the  facilities  from  deterioration  [73:2]. 

APR  91-1  states  that  the  objectives  -if  the  Air  Force  family 

housing  operations  and  maintenance  program  are: 

(1)  Provide  livable  accommodations  in  good  condi- 
tion. 

(2)  Protecting  family  housing  facilities  from 
deterioration. 


i 


(3)  Ensuring  effective  and  efficient  accomplish- 
ment of  O&M  activities. 

and 

(4)  Ensuring  that  extreme  care  and  judgement  are 
used  in  maintaining,  renovating,  and  altering  facili- 
ties of  national  historic  interest  in  order  to  preserve 
their  historical  significance  [57:1]. 

The  maintenance  policy  guidance  is  extended  to 

include  custodial  services  as  set  forth  in  APR  91-30, 

Custodial  Service.  This  regulation  states  that,  "It  is 


Air  Force  policy  to 


provide  custodial  service  as  a 


part  of  its  building  operations  and  maintenance  function 
. . . [50:1]."  The  principle  behind  custodial  service 
policy  is  as  follows: 

Custodial  service  performed  in  a timely  manner, 
using  prescribed  supplies  and  methods,  is  necessary  for 
the  maintenance  of  desirable  standards  of  health  and 
morale  and  for  the  preservation  of  buildings  (50:1]. 

Another  aspect  of  preventive  maintenance  that  has 
received  considerable  attention  is  corrosion  control.  AFR 
91-27,  Corrosion  Control,  establishes  civil  engineering 
responsibilities  and  policies  concerning  this  aspect  of 
maintenance.  AFR  91-27  states  that  the  objective  is  "to 
sustain  a high  degree  of  operational  systems;  conserve 
resources;  and  reduce  costs  [49:1]." 

As  stated  previously,  facility  design,  construction, 
operations  and  maintenance,  and  proper  utilization  are  areas 
of  concern  addressed  in  much  of  the  policy  guidance  for 
USAF  civil  engineering  organizations.  With  the  additional 
consideration  for  life  cycle  costing  and  minimum  use  of 


resources,  the  subject  of  disposal  of  unwanted  or  unneeded 
facilities,  or  those  beyond  economical  repair  has  also 
affected  policy  considerations.  AFR  87-4,  Disposal  of  Real 
Property,  sets  forth  guidance  and  policy  for  the  timely  dis- 
posal of  Air  Force  real  property  (53:2). 

Another  area  of  USAF  civil  engineering  policy  and 
responsibilities  is  concerned  with  protection  of  facilities 
2uid  human  beings  from  fire,  weather,  natural  disasters, 
wartime  destruction,  pests,  and  operational  hazards.  The 
previous  review  of  facility  design  and  construction  stan- 
dards included  policy  statements  concerning  these  considera- 
tions. Additional  specific  guidance  is  found  in  several 
Department  of  Defense  and  Air  Force  sources. 

AFR  92-1,  Fire  Protection  Program,  establishes  the 


policy  and  responsibilities  for  base  level  civil  engineer- 
ing organizations,  concerning  fire  engineering,  fire  pro- 
tection, fire-fighting  and  rescue  operations  (54) . This 
policy  was  summarized  in  an  article  by  Lieutenant  Colonel 
Anthony  M.  Vilale,  in  which  he  stated. 

The  Base  Civil  Engineer  (BCE)  bears  the  responsi- 
bility for  providing  adequate  protection  for  facilities 
on  his  installation.  The  responsibility  involves 
incurring  safe  construction  through  engineering,  the 
selection  of  proper  building  materials,  providing 
installed  protection,  adequate  utilities  and  mainte- 
nance of  a fire  department.  The  BCE  must  also  keep 
facility  occupants  informed  of  fire  prevention  practices 
and  procedures  encumbent  upon  them  [77:9]. 


AFR  93-2,  Disaster  Preparedness  and  Base  Recovery 


Planning,  establishes  the  bas 
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responsibilities  for  smoothly  and  rapidly  converting  to  an 
emergency  response  effort.  The  regulation  states  that. 

The  base  civil  engineer  will: 

a.  Establish  a recovery  program  and  maintain  BCE 
base  recovery  plan  to  save  lives,  mitigate  human  suf- 
fering, and  minimize  deimage  during  and  after  a disaster 
occurring  on  or  near  his  installation. 

b.  Provide  trained  forces,  equipment,  and  material 
to  return  the  base  to  operational  readiness  in  the  short- 
est possible  time  following  a disaster.  . . [52:1]. 

Air  Force  installations  geographically  located  where 
snowfall  occurs  can  experience  mission  degradation,  facility 
deunage,  and  unsafe  conditions  resulting  from  adverse 
weather.  Air  Force  policy  for  civil  engineering  snow 
removal  operations  is  contained  in  AFM  91-14,  Airfield  and 
Base  Snow  and  Ice  Removal  and  Control.  This  regulation 
states  that,  "Compliance  is  necessary  to  provide  safe 
operating  ground  surfaces  for  aircraft  and  ground  vehicle 
traffic  during  winter  operations  [44:p.l-l]."  And  responsi- 
bilities for  snow  and  ice  removal  and  control  are  necessary, 
"to  minimize  restriction  of  mission  capability.  It 
includes  the  safeguard  of  property  against  d6unage  during 
snow  removal  operations  [44:p.l-l]." 

Accident  prevention  safety,  and  occupational  health 
requirements  are  esteiblished  in  DOD  Directive  1000.3, 

Accident  Prevention,  Safety,  and  Occupational  Health  Policy 
for  the  Department  of  Defense.  This  directive  states  that. 

Accident  prevention,  safety,  and  occupational 
health  programs  designed  to  (a)  prevent  employee  injury 
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and  occupacional  illness,  and  (b)  protect  federal 
equipment,  material,  and  facilities  from  damage  or 
loss,  shall  be  developed.  . . [70:2]. 


APR  89-1  states  that 

All  designers  of  Air  Force  construction  projects 
must  produce  drawings  and  specifications  which  are  con- 
sistent with  the  standards  issued  by  the  Secretary  of 
Labor  under  the  Williauns-Steiger  Occupational  Safety 
and  Health  Act  [51:p.2-6]. 

E)OD  Directive  4150.7,  Department  of  Defense  Pest  Manage- 
ment Program,  establishes  policy  and  standards  for  pest 
control.  This  directive  sets  the  standards  for 

. . . the  safe  and  efficient  management  of  disease 
vectors  and  animal  and  plant  pests  on  DoD  Installa- 
tions which  (a)  affect  health  and  welfare  of  humans; 

(b)  damage  property;  or  (c)  cause  injurious  environ- 
mental imbalance  [72:p.l-2l. 

AFM  91-16,  Military  Entomology  Handbook,  states  that. 

The  control  of  insects,  rodents,  and  other  pests 
is  an  essential  service  that  should  have  high  priority 
for  combating  disease,  maintaining  morale  and  effi- 
ciency and  preventing  property  losses  [56:p.l-l]. 

APR  91-21,  Pest  Management  Program,  establishes  policies  and 

responsibilities  for  base  civil  engineering  organizations. 

The  essence  of  the  policy  is  to  protect  humans  and  prevent 

deunage  to  facilities  (60:1). 

Another  important  aspect  of  base  civil  engineering 
responsibility  is  that  of  providing  adequate  utilities  for 
installation  activities  and  systems,  yet  overconsumption 
or  waste  of  utilities  or  energy  is  also  a concern.  APR 
91-5,  Utilities  Services,  establishes  responsibility  and 
policy  for  providing  electric,  water,  sewage  disposal,  gas. 
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solid  wastes  collection  and  disposal,  heating,  and  com- 
munity antenna  television  service  (68).  AFM  91-12,  Poli- 
cies, Procedures,  and  Criteria  for  the  Management  and  Con- 
servation of  Utilities,  establishes  the  following  con- 
servation policy. 

The  objectives  of  this  program  are  to  insure  that: 

(1)  Utilities  are  provided  and  used  without  waste. 

(2)  Utilities  plants  and  systems  are  operated 
efficiently  and  economically. 

and 

(3)  Personnel  are  made  aware  of  the  importance  of 
utilities  and  the  need  for  limiting  use  of  actual 
requirements  [61:p.2-l]. 

Air  Force  facility  energy  policy  is  based  upon 
Executive  Order  12003,  Relating  to  Energy  Policy  and  Con- 
servation, which  stated  in  part: 

. . . each  agency  to  the  maximum  extent  practicable 
aims  to  achieve  the  following  goals: 

(1)  For  the  total  of  all  Federally-owned  existing 
buildings  the  goal  shall  be  a reduction  of  20  percent 
in  the  average  annual  energy  use  per  gross  square  foot 
of  floor  area  in  1985  from  the  average  energy  use  per 
gross  square  foot  of  floor  area  in  1975.  . . . 

(2)  For  the  total  of  all  Federally-owned  new  build 
ings  the  goal  shall  be  a reduction  of  45  percent  in  the 
average  annual  energy  requirement  per  gross  square  foot 
of  floor  area  in  1985  from  the  average  annual  energy 
use  per  gross  square  foot  of  floor  area  in  1975 
[42:2.8.3] . 

The  order  continued  "...  each  agency  shall  program  its 
proposed  energy  conservation  improvements  of  buildings  so 
as  to  give  the  highest  priority  to  the  most  cost-effective 
projects  [42:2.8.5]."  And,  finally,  prohibited  the  lease 
of  any  new  facility  which  will  not  likely  meet  the  45  per- 
cent reduction  standard  (42:2.8.5). 
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Guidance  for  all  Air  Force  from  the  Department  of 
Defense  for  facility  energy  planning  comes  primarily  from 


three  Defense  Energy  Program  Policy  Memorandum  (DEPPM) 
numbered  78-2,  78-8  «md  79-1.  These  DEPPMs  estaUslished 
four  levels  of  priority  for  DOD  energy  management  during 
1979,  established  guidelines  for  DOD  participation  with  the 
Department  of  Energy  on  energy  technology  and  listed  goals 
and  objectives  and  the  time  frame  for  their  accomplishment. 
These  goals  include: 

1.  Achieve  the  20  percent  reduction  in  facility 
energy  consumption  by  a 12  percent  reduction  through  ECIP 
(Energy  Conservation  Investment  Program)  amd  8 percent 
through  operations  and  maintenance  efforts. 

2.  Establish  a metering  prograun  and  to  conduct 
energy  audits  and  surveys. 

3.  Obtain  at  least  10  percent  of  DOD  installation 
energy  from  coal,  coal  gasification,  solid  waste,  refuse 
derived  fuel  and  biomass. 

4.  Obtain  1 percent  of  DOD  installation  energy 
from  solar  and  geothermal  means. 

5.  Equip  natural  gas  only  heating  units  and  plants 
that  have  a capacity  of  more  than  five  mega  BTUs  with  an 
alternate  fuel  capaJsility. 

6.  Have  a thirty-day  supply  of  fuel  on  hand  for 

all  five  mega  BTU  heating  units  and  plants  that  are  oil  only, 
oil  and  natural  gas  and  coal  powered,  and  maintain  that 
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r«s«rv«  for  th«  thro*  coldost  months  of  ths  ysar  (42:2.C.l- 
2.C.19). 

Air  Force  energy  objectives  have  been  consolidated 
and  presented  for  Air  Force  Energy  Management  Division  in 
the  U.S.  Air  Force  Energy  Plan  1978,  These  objectives  were: 

Maintain  energy  consumption  for  all  activities  at 
the  lowest  possible  level  consistent  with  mission 
requirements  and  operational  readiness. 

Demonstrate  the  use  of  alternate  fuels  for  aircraft 
and  base  operations  and  eventually  establish  a multi- 
fuel .capability  for  all  Air  Force  systems. 

Review  operational  and  training  procedures  to  insure 
that  more  plentiful  energy  sources  are  substituted  for 
rapidly  depleting  resources  where  feasible. 

Cooperate  with  federal  agencies  in  the  demonstra- 
tion and  application  of  new  energy  technologies. 

Apply  the  principle  of  "energy  effectiveness"  to 
future  engineering  developments  and  systems  acquisitions 
in  terms  of  return  on  investment  or  life-cycle  costs 
[37:2]. 

The  Air  Force  Ten-Year  Facility  Energy  Plan  defined 
Air  Force  facility  energy  as  "energy  used  for  heating,  ven- 
tilation, air  conditioning,  or  lighting  of  fixed  Air  Force 
facilities  for  personnel  comfort  or  building  protection 
[43:2]."  The  plan  further  defined  Engineering  and  Services 
related  process  energy  as  "airfield  lighting,  street  light- 
ing, water,  and  sewage  distribution  systems  and  plants, 
etc.  [43:2]."  In  addition  to  the  goals  established  by  the 
Department  of  Defense,  the  plan  identified  long-term  energy 
goals  to  reduce  energy  consumption  further  by  the  year  2000, 
to  further  reduce  the  reliance  on  petroleum  for  energy,  to 
increase  advanced  energy  technology  use  and  research,  and 
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Idantlfied  facility  classes  for  energy  consumption  reduc- 
tions (43:9-37). 

Air  Force  environmental  policy  is  based  upon  Execu- 
tive Order  12088,  Federal  Compliance  with  Pollution  Control 
Standards.  This  Executive  Order  requires  compliance  with 
all  federal,  state  and  local  laws  and  regulations  pertain- 
ing to  pollution  control.  If  it  is  found  that  a government 
agency  is  in  violation  of  an  applicable  pollution  control 
standard,  the  agency  must  respond  with  a plan  to  achieve  and 
maintain  compliance  and  an  implementation  schedule  (6). 

DOD  Directive  5100.50,  Protection  and  Enhancement 
of  Environmental  Quality,  states  that  DOD  activities  must 
recognize  that  they  have  an  impact  on  the  environment,  and 
that  the  activities  must  comply  with  the  spirit  and  the 
letter  of  the  National  Environmental  Policy  Act  and  other 
Federal  environmental  laws,  regulations  and  executive 
orders.  The  directive  also  requires  activities  to  demon- 
strate leadership  in  environmental  pollution  abatement  and 


enhancement  of  the  environment  (74:2). 

Air  Force  policy  on  environmental  protection  is  set 
forth  in  AFR  19-1,  Pollution  Abatement  and  Environmental 
Quality.  To  executive  and  DOD  policy,  AFR  19-1  adds: 

1.  Supporting  pollution  edsatement  programs  of 
local  communities. 

2.  Starting  analysis  of  environmental  consequences 
of  the  earliest  practicable  stage. 
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3.  Protecting  the  human  environment  in  the  areas 
of  air,  water,  noise,  pesticide  management,  and  solid  waste 
m^ulagement. 

4.  Insuring  that  facilities  outside  the  United  { 

States  comply  with  host  nation  requirements. 

5.  Develop  contingency  plans  and  procedures  for 

dealing  with  accidental  pollution  incidents  (62:2).  | 

Environmental  goals  and  policy  at  the  base  level  i 

i . 

are  highly  dependent  upon  state  and  local  laws  which  affect  1; 

the  base. 

! 1 

The  wartime  USAF  civil  engineering  requirements  [j 

differ  from  the  peacetime  requirements.  Major  General 

Robert  C.  Thompson,  former  Director  of  Engineering  and 

Services,  Headquarters  USAF,  posed  the  question. 

Are  we  in  Air  Force  Engineering  and  Services  ready 
to  fully  perform  our  wartime  duties  in  support  of  the 
Air  Force  mission?  . . . If  we  cannot  answer  "yes"  to 
the  question  . . . nothing  else  we  do  is  of  much 
importance  [39:2]. 

AFR  93-3,  The  Prime  BEEF  Proqraim  (66),  and  AFM  93-6, 

Operation  and  Maintenance  of  Prime  BEEF  (58) , set  forth  the 
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Our  active,  rasarva  and  civilian  force  must,  in 
its  day-to-day  posture,  be  highly  trained,  equipped  and 
motivated,  truly  a lean  and  mean  outfit.  We  call  this 
Readiness — everyone  with  a wartime  job,  specifically 
pointed  at  and  tasked  to  do  a certain  function  whether 
the  conflict  be  conventional  or  nuclear  [33:4]. 

The  preceding  paragraphs  have  reviewed  the  current 
policy  guidance  concerning  base  level  civil  engineering 
organizations.  Our  intent  is  to  assimilate  this  information 
into  a concise  set  of  strategic  level  organizational  goals 
to  fit  within  the  structure  of  the  productivity  measurement 
model  developed  in  Chapter  II.  The  requirement  for  develop- 
ing specific  subgoals  or  objectives  for  branches  within  the 
civil  engineering  organization  now  needs  to  be  addressed. 

Functional  requirements  of  the  civil  engineering 
branches  are  stated  in  APR  85-10  and  Figure  5 lists  these 
functional  requirements  of  civil  engineering  activities. 

Perforaance  Indicators 

Base  level  civil  engineering  organization  managers 
have  two  primary  sources  of  information  concerning  output 
and  input  data.  The  first  source  of  data  is  that  recorded 
for  developing  the  Commander's  Update  Briefing  which  is 
required  by  APR  85-1  (64)  . The  second  source  of  data  is 
the  Base  Engineer  Automated  Management  System  (BEAMS)  pro- 
ducts, developed  as  specified  in  AFM  171-200,  Vol.  II  (48). 
The  first  source  contains  primarily  output  data  while  the 
second  source  contains  both  output  and  input  data. 
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1.  Functions  of  Civil  Engineering  Activities.  Detailed  c.  Engineering  and  construction.  Manages  and  su- 
proccdures  on  these  specific  functions  are  given  in  perviscs  construction  and  related  programs;  accepts 

other  Air  Force  publications  (see  publications  in  the  real  property  constructed  for  the  Air  Force,  and  pro- 

30,  35. 85  through  93,  and  the  1 26  scries).  vides  professional  engineering  service  for; 
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(3)  Develops  and  performs  status  reporting  and  quality  and  corrosion  control  services  and  complies 
control  of  related  projects.  with  environmental  and  pollution  control 

requirements  in  providing  these  utility  services. 

Pig.  5.  Functional  Requirements  of  Civil  Engineering  Activities  [59:2-3J 


(4)  These  functions  do  ndt  Include  responsibility  (I)  Target  ranges  and  obstacle  courses, 

for  the  use  of  refrigerated  space  nor  for  the  storage 

anddutribution  ofice.  (2)  Air-to-ground  and  ground-to-air  ranges  and 

other  ranges. 
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maintenance,  and  repair  of  training  aids  used  to  (3)  Change  of  occupancy  inspections, 

support: 

(4)  Housing  referral  services. 

Fig.  5 — Continued 


Guidance  for  the  content  of  the  Commander's  Update 
Briefing  is  being  developed  by  both  the  Air  Force  Institute 
of  Technology « Civil  Engineering  School  (AFIT/DE) , and  the 
Civil  Engineering  and  Services  Management  Engineering  Teaun 
(CESMET) . Drafts  Of  the  proposals  were  reviewed  for  output 
and  input  data. 

The  information  extracted  from  the  AFIT/DE  proposal 
(2 ) is  presented  in  Table  1 and  the  information  from  the 
CESMET  proposal  (7)  is  presented  in  Tadsle  2.  The  output 
and  input  data  presented  in  Tables  1 through  3 have  been 
numbered  consecutively  for  ease  of  reference.  A list  of 
abbreviations  used  in  the  tables  precedes  them. 

AFM  171-200,  Vol.  II,  Base  Engineer  Automated  Man- 
agement System  (BEAMS) , states  that  the  purpose  of  BEAMS 
is, 

(1)  to  provide  information  to  BCE  personnel  to  more 
efficiently  and  effectively  manage  resources,  amd  (2) 
to  provide,  through  minimum  base  effort,  reports 
required  by  higher  headquarters  and  the  Congress  [48: 

p.2-1]. 

The  data  contained  in  the  BEAMS  system  is  the  result 
of  the  integration  of  data  from  several  BCE  activities  into 
a common  data  base  (48:p.2-l).  The  BEAMS  system  is  com- 
posed of  nine  subsystems  which  are:  Labor  and  Prime  BEEF; 
Work  Control;  Cost  Accounting;  Material  Processing;  Real 
Property;  Maintenance,  Repair  and  Minor  Construction  Pro- 
greun;  Recurring  Maintenance;  Pesticide  Evaluation  Summary 
Tabulation;  and  Pavement  Condition  Indices.  The  Executive 
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Managenient  Suimnaxy  is  an  automated  analysis  taken  from  a 
cross-section  of  the  BEAMS  data  based  in  the  nine  sub- 
systems . 

Stauidard  computer  products  are  made  available  to 
specific  base  civil  engineering  managers  on  a recurring 
basis  in  accordance  with  AFM  171-200.  Table  3 summarizes 
the  output  and  input  information  availadsle  through  the 
specific  products. 
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List  of  Abbreviations  Pertaining  to  Tables  1,  2,  and  3 

BCE  - Base  Civil  Engineering 
BLDG  - Building 

BMAR  - Backlog  of  Maintenance  and  Repair  Work 

COCESS  - Contractor  Operated  Civil  Engineering  Service  Store 

EEIC  - Element  of  Expense  Investment  Code 

FY  - Fiscal  Year 

MAREMIC  - Maintenance,  Repair  and  Minor  Construction  Program 

MAS  - Maintenance  Action  Sheet 

MC  - Minor  Construction 

MCP  - Military  Construction  Program 

MFH  - Military  Feimily  Housing 

MRL  - Material  Requirements  Listing 

M&R  - Maintenance  and  Repair 

NAF  - Non-Appropriated  Funds 

NR  - Number 

O&M  - Operations  and  Maintenance 
PCI  - Pavement  Condition  Index 
RMP  - Recurring  Maintenance  Prograun 
SF  - Square  Feet 


TABLE  1 — Continued 


TABLE  2 — Continued 
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CHAPTER  IV 


ANALYSIS 

Introduction 

The  productivity  measurement  model  developed  in 
Chapter  II  focuses  on  outputs  in  terms  of  performance 
realized  from  a given  level  of  resources  consumed.  The 
model  is  structured  around  a framework  of  strategic  level 
organizational  goals  and  the  supporting  branch  level  objec- 
tives or  subgoals  that  address  areas  of  key  outputs  con- 
tributing to  the  attainment  of  the  goals.  As  stated  pre- 
viously, the  model  focuses  on  strategic  level  organiza- 
tional goals  not  on:  (1)  internal  organizational  goals, 
such  as  training,  work  safety,  and  inventory  control; 

(2)  individual  participant  goals;  (3)  external  users  goals; 
or  (4)  base  command  goals.  These  goals  are  depicted  in 
Figure  3 as  inputs  to  the  higher  level  policy-making  func- 
tions establishing  base  civil  engineering  mission  require- 
ments and  responsibilities,  organizational  structure  and 
manning  authorizations.  Therefore,  historical  and  fore- 
casted external  requirements  are  assumed  to  be  incorporated 
into  USAF  Engineering  and  Services  policy  decisions. 

Further,  "customer  satisfaction"  should  not  be  specifically 
stated  as  a strategic  level  organizational  goal  in  the  model, 
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but  should  b«  considsrsd  as  an  influance  on  the  development 
of  the  various  strategic  level  organizational  goals.  Actual 
demands  from  the  customers  are  processed  within  the  con- 
straints imposed  by  prior  decisions  concerning  BCE  organiza- 
tional structure,  i ponsibilities  and  resources.  There- 
fore, customers'  desired  results  for  specific  demands 
compared  with  actual  results  of  BCE  activities  can  be  used 
to  assess  "customer  satisfaction." 

Once  the  strategic  level  organizational  goals  and 
supporting  branch  objectives  are  developed,  the  model 
still  requires  specific  performance  indicators  directly 
related  to  each  objective.  As  defined  in  Chapter  II,  per- 
formance indicators  are  ratios  of  actual  outputs  divided 
by  desired  outputs.  The  performance  indicators  must  be 
valid  indicators  of  key  results  contributing  to  the  attain- 
ment of  the  branch  objectives  in  terms  of  quality,  quantity, 
timeliness  and  "customer  satisfaction."  Additionally,  the 
model  requires  that  the  average  of  the  performance  indi- 
cators for  each  branch  objective  be  divided  by  the  resources 
consumed  to  achieve  the  results  supporting  the  obj‘:ictive 
during  a specified  period  of  time.  The  resulting  ratio  of 
performance  achieved  to  resources  consumed  will  be  the 
productivity  index  for  that  branch's  efforts  to  support  an 
objective  during  that  specified  time  period.  Finally,  the 
aeries  of  productivity  indexes  may  be  compared  over  time 
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as  an  indicator  to  managsrs  of  the  change  in  the  organiza- 
tional productivity. 

The  purpose  of  this  chapter  is  to  analyze  the 
infomation  gathered  concerning  strategic  level  civil  engi- 
neering organizational  goals,  objectives,  and  performance 
indicators.  First,  the  goals  will  be  developed,  by 
synthesizing  the  policy  guidance  presented  in  Chapter  III. 
After  establishment  of  the  goal  structure,  specific  branch 
objectives  will  be  developed.  Again,  the  development  of 
objectives  will  be  based  upon  the  information  presented  in 
Chapter  III  pertaining  to  branch  level  functional  responsi- 
bilities. Finally,  the  branch  level  activity  output  and 
performance  information  currently  available  to  base  civil 
engineering  managers,  as  presented  in  Chapter  III,  will  be 
evaluated. 


Goal  Development 

As  stated  in  previous  chapters,  goals  represent  the 
desired  future  conditions  that  an  orgamization  tries  to 
achieve.  They  include  missions,  purposes  and  objectives. 
Goals  tend  to  focus  the  participants  on  relevant  organiza- 
tional processes,  output  or  actions,  and  strategic  level 
goals  tend  to  relate  the  org2mization  to  its  environment. 
Strategic  level  goals  are  useful  to  an  organization  because 
they  provide  direction  and  purpose,  and  an  aspiration  level 
accompanies  them.  The  goals  are  usually  very  general  and 


are  not  directly  operational  or  measurable  and  must  be 
translated  into  objectives  at  the  coordinating  or  opera- 
tional level  (20:155-164). 

h goal  is  a statement  of  intended  output  in  the 
broadest  terms.  It  is  normally  not  related  to  a spe- 
cific time  period.  Goals  normally  are  not  quantified, 
emd  hence  cannot  be  used  directly  as  a basis  for  a mea- 
surement system.  The  purpose  of  a statement  of  goals 
is  to  communicate  top  management's  decisions  ed^out  the 
aims  and  relative  priorities  of  the  organization,  and 
to  provide  general  guidance  as  to  the  strategy  that  the 
organization  is  expected  to  follow  [3:133-134]. 

Therefore,  a statement  of  USAF  civil  engineering  goals  from 
the  base  organizational  strategic  viewpoint  should  summarize 
the  main  purpose  or  mission  of  the  organization.  Addi- 
tionally, the  goals  should  focus  on  desired  conditions  not 
on  civil  engineering  activities. 

In  Chapter  III  several  sources  of  information  con- 
cerning base  civil  engineering  mission  and  purpose  were 
reviewed.  The  primary  source  was  AFR  85-10.  The  other 
sources  of  policy  guidance  either  gave  background  for  the 
mission  and  purpose  or  emphasized  in  more  detail  specific 
mission  areas  addressed  in  AFR  85-10. 

Additionally,  the  main  activities  of  a base  level 
civil  engineering  organization  relating  to  its  mission  or 
purpose  are  outlined  in  AFR  85-10  (see  Figure  4) . The 
development  of  the  strategic  level  organization  goals  was 
accomplished  by  consolidating  the  statements  of  desired 
conditions  presented  in  the  different  sources  and  the 
implied  desired  conditions  resulting  from  the  statements  of 


civil  engineering  activities.  Redundancies  between  the 
sources  were  eliminated  while  retaining  the  mission  con- 
cepts. Our  intent  was  to  capture  the  essence  of  the  indi- 
vidual statements  of  purpose  or  mission  from  the  various 
sources,  focus  on  desired  future  conditions  rather  than 
activities,  and  to  consider  resource  limitations.  The 
results  of  our  efforts  are  presented  in  Table  4. 

For  the  purpose  of  the  goals,  objectives  and  per- 
formance indicators,  the  following  definitions  will  apply: 

1.  Facility— all  real  property  and  real  property 
installed  equipment  (RPIE) . 

2.  Maintenance— all  actions  taken  to  keep  facili- 
ties in  operable,  useible  or  acceptable  condition.  This 
includes  snow  removal,  grass  cutting,  and  building  and  road 
maintenemce . 

3.  Repair — all  actions  taken  to  return  facilities 
to  operedsle,  usable  or  acceptable  condition. 

Objective  Development 

The  strategic  level  organizational  goal  statements 
provide  direction  and  guidance  for  organizational  activi- 
ties but  they  must  be  translated  into  more  specific  objec- 
tives or  subgoals  for  the  base  level  civil  engineering 
bremches.  These  objectives  should  not  be  confused  with 
those  typically  associated  with  Management  by  Objectives 
(MBO)  programs.  The  objectives  for  MBO  are  developed 
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TABLE  4 


THE  STRATEGIC  LEVEL  GOALS  OF  A BASE  LEVEL  USAF 
CIVIL  ENGINEERING  ORGANIZATION 


Facility  Life  Cycle  Costs;  Ensure  new  facilities,  addi- 
tions,  and  alterations  are  designed  and  constructed  in 
compliance  with  applicable  building  codes;  and  existing 
facilities  are  maintained  and  repaired  at  minimum  cost 
throughout  their  lives,  to  allow  for  functional  use, 
efficient  operations,  and  minimum  downtime;  and  are 
retired  or  replaced  in  a timely  manner  to  provide  the 
lowest  possible  life  cycle  cost. 

2.  Facility  Function;  Ensure  new  facilities  are  func- 
tionally  designed  and  properly  located  for  their  pro- 
grammed purpose;  and  existing  facilities  are  properly 
assigned  to  mission  functions,  additioned,  altered, 
maintained,  repaired  or  replaced  to  provide  continuous 
functional  use. 

3.  Facility  Protection;  Ensure  new  facilities,  additions, 
and  alterations  are  designed  and  constructed  in  compli- 
ance with  applicable  fire  and  safety  codes,  and  speci- 
fied security,  weather,  earthquake,  and  wartime  protec- 
tion requirements;  and  existing  facilities  are  main- 
tained and  repaired  to  provide  continuous  protection. 
Maintain  the  required  capability  to  minimize  facility 
loss  or  damage  in  the  event  of  fire,  natural  disaster, 
or  war. 

4.  Utility  and  Energy  Supply  and  Conservation;  Ensure 
adequate  supply  and  efficient  distribution  of  utilities 
to  support  mission  requirements;  and  minimize  facility 
energy  consumption  through  proper  design,  location,  and 
construction  of  new  facilities,  proper  selection  of 
energy  sources,  and  maintenance,  repair,  and  altera- 
tions of  existing  facilities. 

5.  Environmental  Protection  and  Conservation;  Ensure  con- 
servation of  natural  resources  through  land  use  plan- 
ning and  management.  Prevent  adverse  environmental 
impact  through  proper  construction  and  maintenance 
practices,  and  proper  control  and  disposition  of  waste 
products  and  hazardous  substances.  Maintain  required 
capability  to  minimize  adverse  environmental  impact  of 
fuel  or  oil  spills. 


TABLE  4 — Continued 


6.  Facility  Qccupant/User  Requirements;  Ensure  new  facili- 
ties, additions,  and  alterations  are  designed  and  con- 
structed to  provide  life  safety  protection,  an  accept- 
able level  of  comfort,  a healthful  environment,  and 
aesthetic  appeal;  and  existing  facilities  are  main- 
tained and  repaired  to  sustain  these  standards  through- 
out their  lives.  Maintain  the  required  capability  to 
minimize  injury  and  loss  of  life  due  to  facility  condi- 
tions. 


7.  Other  Non-facility  Requirements;  Ensure  maximum  base 
housing  utilization  and  maximum  service  to  personnel 
requesting  on  or  off  base  housing.  Provide  fire  pro- 
tection, and  crash  and  rescue  capability  to  prevent 
inju^  or  loss  of  life,  and  to  minimize  dcimage  and  loss 
of  aircraft,  vehicles,  and  equipment  due  to  fire.  Pro- 
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collectively  by  individual  participants  and  supervisors, 
are  measurable,  and  focus  on  specific  local  action  areas 
requiring  emphasis.  The  term  "objective"  for  our  model  is 
used  synonymously  with  the  term  "subgoal,"  and  the  ability 
to  directly  measure  the  objective  is  not  required.  These 
objectives  are  statements  of  desired  conditions  resulting 
from  branch  activities  and  are  developed  to  direct  the 
branch  activities  toward  the  strategic  level  organizational 
goals.  Objective  development  must  consider  branch  capa- 
bilities euid  estedilished  organizational  desires.  To  develop 
branch  objectives  we  focused  on  the  following  question. 

What  processes  is  the  branch  capable  of  performing  that  can 
support  the  attainment  of  the  strategic  level  organiza- 
tional goals?  Therefore,  the  objectives  established  for 
each  branch  are  related  to  a strategic  level  organizational 
goal  and  consider  branch  activities  capable  of  contributing 
to  the  attainment  of  these  goals. 

The  caped>ilities  of  a specific  branch  are  con- 
strained by  the  specific  set  of  resources  assembled, 
including  facilities,  personnel,  equipment,  supplies,  and 
technology.  The  branch  resources  are  developed  with  the 
intent  of  providing  the  capability  of  performing  the  func- 
tional requirements  outlined  in  AFR  85-10  and  other  civil 
engineering  related  Air  Force  regulations  and  manuals.  The 
development  of  the  branch  objectives  therefore  focused  on 
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the  functional  requirements  of  the  branches  presented  in 
Chapter  III.  The  resulting  branch  objectives  are  presented 
in  Tadsle  5. 


/ 


Performance  Indicators 


As  stated  in  Chapter  III,  performance  indicators 
contain  two  types  of  information;  i.e.,  the  actual  output 
measurement  in  the  numerator  and  the  desired  output  in  the 
denominator.  The  actual  and  desired  outputs  pertain  to 
branch  activities  contributing  to  the  attainment  of  a 
branch  objective. 

A results  measure  is  a measure  of  output  expressed 
in  terms  that  are  supposedly  related  to  an  organiza- 
tion's objectives.  In  the  ideal  situation,  the  objec- 
tive is  stated  in  measurable  terms.  When  this  rela- 
tionship is  not  feasible,  as  is  often  the  case,  the 
performance  measure  represents  the  closest  feasible  way 
of  measuring  the  accomplishment  of  an  objective  that 
cannot  itself  be  expressed  quantitatively  [3:141]. 

With  the  estcdslishment  of  a goal/objective  network  for  each 
branch  completed,  a review  and  analysis  of  the  output /per- 
formance information  presented  in  Chapter  III  was  per- 
formed. The  performance  indicators,  by  definition,  must 
be  related  to  quality,  quantity  or  timeliness  of  branch 
activities  or  customer  satisfaction  resulting  from  the 
activities. 

The  desired  outputs  are  based  upon  local  resources, 
capability,  and  priorities.  Therefore,  desired  outputs 
are  not  reflected  in  the  existing  output/ performance 
information  presented  in  Chapter  III.  Occasionally  a 
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TABLE  5 


THE  BRANCH  LEVEL  OBJECTIVES 


Operations  Branch 


Goal  #i — Facility  Life  Cycle  Cost 


A.  Ensure  work  orders  are  planned  in  accordance  with 
AFM  88-15  and  applicable  building  codes. 

B.  Ensure  completed  work  orders  meet  accepted? le  quality 
stemdards . 

C.  Provide  am  effective  preventive  maintenance  prograun. 

Goal  #2 — Facility  Fxmction 

A.  Ensure  priority  I work  orders  are  planned  amd  com- 
pleted in  a timely  manner. 

B.  Ensure  seasonal  maintenance  amd  repair  requirements 
are  identified,  planned,  programmed,  amd  completed 
with  the  least  disruption  of  facility  functions. 

C.  Provide  snow,  ice,  and  debris  removal  services  to 
prevent  disruption  of  aircraft  and  vehicle  movement, 
and  interruption  of  facility  function. 

Goal  #3 — Facility  Protection 

A.  Ensxire  priority  II  work  orders  are  planned  amd  com- 
pleted in  a timely  manner. 

B.  Ensure  work  plamned  amd  completed  complies  with 
regional  requirements  for  structural  protection 
against  weather  and  earthquake- re la ted  forces. 

C.  Provide  a rapid  response  emergency  recovery  force 
capadiility  for  the  protection  of  facilities  in  the 
event  of  civil  disturbances,  natural  disasters,  or 
war. 

D.  Ensure  fixed  facility  fire  and  security  protection 
systems  are  maintained  in  operable  condition. 
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E.  Provide  capability  to  expeditiously  repair  or  secure  I 

damaged  facilities  to  prevent  further  damage. 

f 


F.  Provide  control  of  insects  and  pests  that  threaten 
damage  to  facilities. 

Goal  #4— Utility  amd  Energy  Supply  and  Conservation 

A.  Minimize  utility  outages  time  and  frequency  through 

! proper  operations,  maintenance,  and  expeditious 

repair. 

B.  Complete  inspection  of  existing  facilities  to  identify 
sources  of  energy  waste. 

C.  Plem,  program,  and  complete  work  orders  identified 
as  energy  conservation  projects,  in  a timely  memner. 

D.  Minimize  vehicle  operations  without  compromising  mis- 
sion requirements. 

Goal  #5— Environmental  Protection  and  Conservation 

A.  Ensure  work  orders  to  correct  environmental  hazards 
are  planned,  programmed,  emd  completed  in  a timely 
mamner  to  minimize  adverse  environmental  impact. 

B.  Operate  amd  maintain  sewage  collection  and  treatment 
facilities  to  ensure  compliamce  with  Environmental 
Protection  Agency  standards. 

C.  Provide  response  capadsility  to  minimize  environmental 
Impact  due  to  fuel  or  oil  spills. 

Goal  #6— Facility  Occupant/User  Requirements 

A.  Ensure  planned  work  orders  comply  with  base  archi- 
tectural interior  and  exterior  design  requirements. 

B.  Ensure  planned  work  orders  comply  with  the  life  safety 

' and  public  health  codes. 


C.  Ensure  identified  life  safety  code  and  health  code 
deficiencies  are  corrected  in  a timely  mamner. 


0.  Collect,  transport,  and  dispose  of  solid  wastes  to 
minimize  time  between  generation  and  disposal  of 
wastes. 


E.  Ensure  exterior  landscaping,  grooming,  foliage  control, 
and  grass  cutting  are  completed  in  a timely  memner  and 
comply  with  established  standards. 

F.  Provide  capedjility  to  expeditiously  correct  facility 
conditions  that  may  cause  injury  or  loss  of  life. 

G.  Ensure  insects  ^md  pests  are  controlled  that  threaten 
hum^ms  with  disease,  injury,  and  loss  of  life. 

H.  Provide  a rapid  response  emergency  recovery  force 
capability  to  minimize  injury  or  loss  of  life  due  to 
facility  conditions  resulting  from  civil  disturbances, 
natural  disasters,  or  war. 

Goal  #7 — Other  Non-facility  Requirements 

A.  Provide  Prime  BEEF  mobility  capability  for  rapid 
contingency  deployment. 


Engineering  and  Environmental  Planning  Bremch 


Goal  #1 — Facility  Life  Cycle  Cost 


Identify  and  program  contract  corrections  to  facili 
ties  which  are  functionally  inadequate  for  mission 
requirements . 


Goal  #3— Facility  Protection 


A.  Ensure  corrective  contract  actions  for  identified 
facility  fire,  safety,  ^md  security  deficiencies  are 
programmed,  designed,  and  completed  in  a timely  man- 
ner. 

B.  Ensure  new  contract  work  complies  with  regional 
requirements  for  structural  protection  against 
weather  emd  earthquake-related  forces. 

Goal  #4 — Utility  amd  Energy  Supply  and  Conservation 


A.  Complete  engineering  analyses  of  existing  and  pro- 
grauomed  utility  supply  and  distribution  systems  to 
identify  inadequate  supply  or  inefficient  operations. 

B.  Ensure  new  facilities  are  designed  and  constructed 
to  minimize  energy  consumption. 

C.  Complete  engineering  analyses  of  existing  facilities 
to  identify  sources  of  energy  waste,  and  program  pro- 
jects to  correct  deficiencies  identified. 

Goal  #5 — Environmental  Protection  and  Conservation 


A. 

Ensure  facility  projects  are  assessed  for  adverse 
environmental  impact  prior  to  programming. 

B. 

Include  environmental  impact  considerations  during 
master  planning  actions,  to  minimize  adverse  impact 
due  to  siting. 

C. 

Ensure  control,  handling  and  disposal  of  hazardous 
substances  and  waste  products  complies  with  EPA  stan- 
dards. 

1 

D. 

Ensure  that  construction  practices  comply  with  EPA 
standards. 

Goal 

#6 — Facility  Occupant/User  Requirements 

A.  Complete  architectural  studies  of  facilities  to 

identify  inadequate  aesthetic  conditions  and  facility 
deficiencies  contributing  to  occupant  discomfort. 


TABLE  5 — Continued 


B.  Ensure  designed  projects  comply  with  applicable  life 
safety  and  public  health  code  requirements. 

C.  Ensure  identified  facility  life  safety  and  health 
code  deficiencies  requiring  contract  corrective 
action  are  programmed,  designed,  and  completed  in  a 
timely  manner. 

D.  Identify,  program,  and  specify  custodial  contracts 
required  for  base  facilities  and  ensure  contractor 
compliamce  with  the  contractual  requirements. 

Goal  #7— Other  Non-facility  Requirements 

A.  Provide  professional  architectural  and  engineering 
assistance  to  operations  branch  and  to  other  organi- 
zations as  required. 


Fire  Protection  Bramch 


Goal  #3 — Facility  Protection 

A.  Ensure  contract  designs  comply  with  AFM  88-15  fire 
protection  construction  requirements  and  applicable 
National  Fire  Protection  Association  (NFPA)  fire 
code  requirements. 

B.  Ensure  facilities  fire  protection  deficiencies  and 
existing  fire  protection  systems  that  are  inoperable 
are  identified. 

C.  Provide  response  capability  to  minimize  facility 
damage  or  loss  due  to  fire. 

D.  Prevent  damage  to  or  loss  of  facilities  through  educa- 
tion of  personnel  in  areas  of  safe  housekeeping  prac- 
tices, hazardous  activities,  fire  reporting,  cuid  fire 
fighting. 

Goal  #5 — Environmental  Protection  and  Conservation 


A.  Provide  response  capability  to  minimize  environmental 
impact  due  to  fuel  or  oil  spills. 
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Goal  #6 — Facility  Occupant/Oser  Requirements 

A.  Provide  response  capability  to  minimize  injury  or 
loss  of  life  due  to  fire. 

B.  Ensiure  facility  NFPA  Life  Safety  Code  deficiencies 
and  existing  egress  and  warning  systems  that  are 
inoperable  are  identified. 

C.  Prevent  injury  or  loss  of  life  through  education  of 
personnel  in  areas  of  safe  housekeeping  practices, 
egress  methods,  and  hazardous  activities. 

D.  Ensure  contract  designs  ccanply  with  APM  88-15,  Chap- 
ter 13,  and  the  NFPA  Life  Safety  Code. 

Goal  #7 — Other  Non-facility  Requirements 

A.  Provide  crash  and  rescue  capedsility  to  prevent  injury 
or  loss  of  life,  and  to  minimize  deunage  or  loss  of 
property,  due  to  aircraft,  vehicle,  and  equipment 
fires. 


Housing  Branch 


Goal  #2 — Facility  Function 

A.  Identify  base  housing  facility  deficiencies. 

Goal  #6 — Facility  Occupant/User  Requirements 

A.  Ensure  housing  conditions  causing  occupant  discomfort 
are  identified  in  a timely  manner. 

Goal  #7 — Other  Non- facility  Requirements 

A.  Provide  family  housing  placement  services  to  provide 
optimum  use  and  allocation  of  family  housing  units. 

B.  Provide  off-base  referral  services  in  a timely  man- 
ner to  satisfy  customer  requirements. 


*-V.- 
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Industrial  Engineering  Bremch 

Goal 

#2 — Facility  Fvinction 

A. 

Ensure  organizations  are  assigned  required  facility 
space  that  is  functionally  adequate  for  mission 
requirements . 

• 

B. 

Identify  facility  space  allocation  overages  and  defi- 
ciencies for  programming  actions. 

. I 
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reqxlired  output  is  established  by  higher  authority  emd  a 
ratio  of  actual  output  to  required  output  is  provided  to 
the  base  level  civil  engineering  managers.  Therefore,  our 
search  for  performance  indicators  was  consistent  with  the 
definition  established  in  Chapter  II  and  focused  on: 

(1)  actual  output  information  currently  recorded  and  made 
available  to  base  level  civil  engineering  managers,  and 

(2)  performance  indicators  established  by  policy  directing 
required  levels  of  outputs. 

Therefore,  the  resulting  matrix  of  performance  indi- 
cators pertaining  to  specific  branch  objectives  that  sup- 
port strategic  level  organizational  goals  contains  either: 
(1)  actual  output  measures,  with  the  assumption  that 
locally  established  desired  output  levels  would  be  required 
to  obtain  the  performance  indicator  ratio;  or  (2)  perform- 
ance indicators  containing  actual  output  measures  divided 
by  policy  directed  output  levels.  The  results  are  presented 
in  TeUble  6.  A list  of  abbreviations  used  in  Table  6 
precedes  that  table. 
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List  of  Abbrovlations  Partalnlng  to  Table  6 


FAST  - Fast  Action  Service  Team 

O&N  - Operations  and  Maintenance 

PCI  - Pavement  Condition  Index 

Pest  - Pesticide  application 

RMP  - Recurring  Maintenance  Program 

SMART  - Structural  Maintenance  and  Repair  Team 

W.O.  - Work  Order 

W.O.R.  - Work  Order  Request 

1255  - AF  Form  1255,  Quality  Control  Evaluation 
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CHAPTER  V 


SUMMARY,  CONCLUSIONS,  AND  RECOMMENDATIONS 

Sximmarv 

The  purpose  of  this  research  was  to  determine 
whether  a model  for  measuring  the  productivity  of  a base 
level  USAF  civil  engineering  squadron  could  be  developed. 
The  initial  effort  concentrated  on  defining  productivity 
for  a nonprofit,  service  orgemization.  Four  concepts  arose 
during  this  phase:  efficiency,  the  relationship  between  the 
work  performed  and  the  amount  of  effort  put  into  its  per- 
formance; effectiveness,  the  appropriateness  of  the  work 
performed;  output,  a quemtitative  measure  of  the  work  per- 
formed; and  input,  a quantitative  measure  of  the  effort  or 
resources  expended  in  performing  the  work.  It  was  found 
that  a process  could  be  highly  efficient,  have  large  output 
relative  to  the  input,  but  that  the  process  could  at  the 
S2une  time  be  ineffective,  not  appropriate.  It  was  felt, 
therefore,  that  a method  for  measuring  productivity  must 
include  both  efficiency  and  effectiveness. 

The  measurement  of  efficiency  may  be  done  by 
evaluating  the  ratio  of  output  to  input  at  amy  level  within 
am  organization.  The  measurement  of  effectiveness  required 
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th«  •valuation  of  both  dlractlon  and  adequacy  of  tha  work 
par formed. 

Xn  order  to  accompli ah  this  evaluation  of  direc- 
tion > it  was  determined  that  a structure  of  strategic  level 
goals  and  intermediate  level  objectives  had  to  be  developed 
for  the  organization  being  evaluated.  The  adequacy  of  the 
work  performed  could  then  be  evaluated  by  relating  the 
actual  results  obtained  to  desired  results.  The  desired 
results  would  be  identified  through  a management  technique 
such  as  Management  by  Objectives  or  through  direction  from 
higher  authoritative  levels  within  the  organization. 

The  measurement  of  productivity  through  the  evalua- 
tion of  efficiency  and  effectiveness  led  to  the  modifica- 
tion of  the  definition  of  productivity  for  a profit  organiza- 
tion, which  is  the  ratio  of  output  to  input,  to  the  defini- 
tion in  Chapter  II  which  is  the  sum  of  all  the  ratios  of 
actual  results  to  desired  results  at  any  organizational 
level,  divided  by  the  total  input  at  that  level. 

The  second  phase  of  this  research  concentrated  on 
the  application  of  the  above  definition  of  productivity 
measurement  to  a base  level  USAF  civil  engineering  organiza- 
tion. This  required  a second  literature  review,  consisting 
of  a search  of  existing  Department  of  Defense  and  Air  Force 
literature  to  identify  the  strategic  level  organizational 
goals  and  branch  level  objectives  which  support  those  goals 
that  are  set  forth  by  higher  headquarters  applicable  to 
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all  bas«  laval  USAF  civil  anginaaring  organizations.  Tha 
litaratura  raviaw  also  includad  a systamatic  saarch  through 
major  sourcas  of  managamant  information  for  output  and 


input  data  raquirad  for  productivity  maasuramant. 

Tha  modal  for  productivity  maasuramant  dapictad  in 
Figura  3 formed  tha  basis  for  structuring  tha  goals » objac 
tivas  and  performance  indicators  identified  in  tha  second 
literature  raviaw,  which  are  presented  in  Tables  4,  S, 


The  criteria  for  selecting  sources  of  information 
was  based  upon  formally  documented  sources  availaUale  at  a 
typical  base  level  civil  engineering  organization.  It  is 
realized  that  many  other  sources  of  information  for  output 
data  exist  and  that  locally  established  manual  record  keep- 
ing systems  are  estadblished. 

Many  of  the  8S-X  through  93-X  series  Air  Force 
regulations  and  manuals  required  formal  methods  of  record 
keeping;  for  exaunple,  facility  folders,  contract  files, 
and  programming  documents.  Additionally,  formal  records 
of  emergency  requests  are  contained  in  the  service  call 
log  and  the  fire  department  control  center  log.  Individual 
work  order  and  job  order  folders  contain  information  about 
adequacy  of  planning  or  design,  economic  studies,  energy 
calculations,  and  structural  considerations,  for  example. 
Furthermore,  the  Engineering  and  Environmental  Planning 
Branch  locally  records  engineer  and  architect  studies 
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resulting  from  technical  assistance  requests  from  the 
Operations  Branch  or  outside  sources.  Construction  manage- 
ment project  log  books  also  provide  a soiirce  of  documented 
evidence  concerning  construction  quality.  Specific  efforts 
to  schedule  engineers'  emd  architects'  time  for  particular 
requirements  are  also  recorded.  Additionally,  professional 
training  accomplishments  are  also  recorded  for  assigned 
architects  and  engineers.  Furthermore,  master  planning 
efforts,  and  facility  space  deficiencies  and  overages  are 
items  of  interest  briefed  at  Facilities  Boards  on  a recur- 
ring basis. 

Family  housing  occupant  Information  is  recorded 
manually  by  the  Housing  Branch  and  family  housing  facility 
inspection  records  are  also  maintained.  Finally,  in  addi- 
tion to  the  internal  base  civil  engineering  information, 
outside  sources  of  Information  are  available  which  for 
example  include:  Environmental  Protection  Agency  (EPA) 
permits  and  reports;  bio-environmental  health  reports  and 
industrial  hygiene  surveys;  effluent  sampling  records;  water 
usage  records;  utility  outage  records  for  electrical  dis- 
tribution; base  operation's  airfield  inspections  amd  rxinway 
condition  reading  (RCR)  recorded  during  snowfall  and  ice 
periods;  building  custodian  records;  air  traffic  control 
board  minutes;  security  police  resource  protection  reports 
and  facility  incident  reports;  traffic  planning  board 
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minutas;  and  svaluations  by  facility  occupants  through  Base 
CcMonander ' s "hotline"  programs. 

Conclusions 

The  results  of  this  research  have  caused  us  to  draw 
the  following  conclusions: 

1.  The  productivity  of  a base  level  USAF  civil 
engineering  organization  can  be  measured  utilizing  the  model 
presented  in  this  thesis.  The  model  allows  for  the  measure- 
roent  of  productivity  at  the  bramch  level  for  specific  time 
intervals  which  in  turn  can  be  used  to  evaluate  productivity 
trends  over  time.  This  method  of  measuring  productivity  is 
based  upon  the  framework  of  strategic  level  orgaunizational 
goals  and  branch  level  objectives  which  can  be  measured  by 
evaluating  actual  results,  desired  results  emd  inputs. 

2.  The  strategic  level  organizational  goals  for 
a base  level  USAF  civil  engineering  organization  can  be 
identified  from  existing  Department  of  Defense  and  Air 
Force  literature. 

3.  Branch  level  objectives  to  support  the  strategic 
level  operational  goals  can  be  identified  from  existing 
Department  of  Defense  and  Air  Force  literature.  These 
objectives  may  require  modification  for  individual  base 
level  civil  engineering  organizations  due  to  specific  major 
command  (MAJCOM)  or  base  mission  requirements. 
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4.  K llnitttd  number  of  performance  indicators  can 
be  identified  from  existing  Department  of  Defense  and  Air 
Force  literature.  Most  of  the  existing  output  information 
is  grouped  by  organization  functional  areas  emd  categoriza- 
tion by  objectives  was  difficult.  For  those  objectives 
requiring  a readiness  or  response  capability,  a definition 
of  capability  did  not  exist.  Therefore,  direct  output 
measurement  could  not  be  obtained  and  surrogate  measurement 
was  difficult.  The  inclusion  of  training  or  exercise 
evaluation  results  as  actual  output  information  is  ques- 
tionable. Finally,  few  output  requirements  are  specified  at 
levels  above  the  base  organization,  and  therefore  the 
desired  output  level  must  be  locally  established  at  base 
level  to  evaluate  performance. 

5.  Input  data  is  availaible  in  great  detail  and 
cem  be  identified  at  almost  any  level  within  the  organiza- 
tion 2md  for  almost  any  activity  performed  by  the  organiza- 
tion. 


Recommendations 

The  purpose  of  this  research  was  to  provide  a base 
level  USAF  civil  engineering  branch  level  manager  with  a 
method  for  measuring  the  productivity  of  his/her  area  of 
responsibility.  Based  upon  the  conclusions  drawn  from  the 
research,  the  following  recommendations  have  been  developed 
in  two  areas;  further  research  and  applications. 
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Further  Research 


The  recommendations  for  further  research  are  the 
validation  of  the  strategic  level  orgemizational  goals  and 
the  branch  level  objectives  presented  in  Chapter  IV, 
development  of  additional  output  measurements  and  possx.le 
inclusion  of  these  measurements  in  BEAMS.  It  was  first 
felt  by  the  researchers  that  validation  of  possible  goals, 
objectives  and  performance  indicators  should  be  performed 
by  the  Base  Civil  Engineers  and  the  branch  chiefs.  There- 
fore, questionnaires  were  developed  to  perform  this  valida- 
tion. This  method  of  validation  was  later  rejected  for  two 
reasons:  (1)  the  questionnaire  was  massive  and  time-consuming, 
containing  over  250  questions,  many  of  which  required 
written  comments  which  would  have  been  difficult  to  include 
in  the  final  results;  and  (2)  it  was  felt  that  a thorough 
review  of  Dep2u:tment  of  Defense  and  Air  Force  literature 
would  provide  a more  meaningful  initial  validation  of  the 
goals  and  objectives  than  a base  level  questionnaire,  and 
that  performance  indicators  should  be  initially  identified 
from  existing  output  measurements. 

The  first  recommendation  for  further  research  is 
that  the  final  validation  of  the  goals  2md  objectives  be 
performed  at  the  Air  Force  Directorate  of  Engineering  and 
Services  level  and  that  this  validation  be  a continual  pro- 
cess because  the  environment  surrounding  a base  level  civil 
engineering  orgemization  changes  over  time. 
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The  second  recommendation  for  further  research  is 
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for  development  of  additional  output  measurement  data  for 
bramch  level  activities,  that  support  the  branch  objec- 
tives, and  will  be  used  for  evaluating  the  results  of  civil 
engineering  performemce.  Anthony  and  Herz linger  stated. 

Some  measure  of  output  is  usually  better  than  none. 
Valid  criticisms  cam  be  made  about  almost  every  output 
measure.  Pew,  if  any,  of  them  measure  output  per- 
fectly. There  is  a tendency  on  the  part  of  some  mama- 
gers  to  magnify  the  imperfections  and  thus  downgrade  the 
attempt  to  collect  and  use  output  information.  In  most 
situations  a sounder  approach  is  to  take  account  of  the 
imperfections  and  to  qualify  the  results  accordingly, 
but  to  recognize  that  some  output  data,  however  crude, 
is  of  more  use  of  management  than  no  data  at  all  [3:148]. 

Cxirrently  a great  amount  of  information  on  inputs  to  a base 
level  USAF  civil  engineering  organization  is  recorded  and 
made  available  to  branch  level  managers,  but  recorded  output 
information  is  generally  nonexistent  and  therefore  adequate 
productivity  evaluation  is  currently  impossible.  Conse- 
quently, a complete  series  of  branch  level  activities  output 
measurements  should  be  developed. 

The  final  reccxnmendation  of  further  research  is  the 
possible  modification  of  the  Base  Engineer  Automated  Manage- 
ment System  (BEAMS)  to  collect  branch  level  activity  output 
data  required  for  measuring  productivity. 


Application 

The  application  of  this  method  of  measuring  the 
productivity  of  a base  level  USAF  civil  engineering  orgemiza- 
tion  is  dependent  upon  the  completion  of  these 
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lncr«as«d  •mphasis  on  output  maasuremant  must  occur  bafora 
productivity  maasuramant  is  possibla.  Tha  output  informa- 
tion should  ba  structurad  according  to  tha  organizational 
goals  and  branch  laval  objactivas.  Idaally,  a ravision  of 
BEAMS  to  includa  tha  proposad  productivity  maasuramant 
modal  should  ba  accomplishad. 

Tharafora,  in  addition  to  input  and  output  data 
structured  according  to  organizational  goals  and  branch 
objactivas,  a maans  for  allowing  local  branch  level  input 
of  desired  output  levels  is  required.  Automated  record 
keeping  and  qualitative  manipulation  is  required  to  relieve 
managers  from  a tima-consximing  manual  recording  and  calcu- 
lating system.  A periodic  computer  product  distributed 
to  tha  Base  Civil  Engineer  and  tha  individual  branch  mana- 
gers including  currant  and  past  productivity  indices  would 
allow  for  trend  analysis  of  performance  achieved  for 
resources  consumed. 
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